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DEDICATION. 



TO THE 



RIGHT HOK. LORD VISCOUUT PAIMERSTON, M.P., 

SECRETARY OF STATE FOE THE HOMl] 

DEPAHTMIENT, 



My LoRDj 

Your Lordship having kindly assented to my work 
on "The Combustion of Coal and the PreYontiou of 
Smoke, Chemically and Practically Considered/' being 
dedicated to yonr Lordshipj I now submit it, in res- 
pectful acknowledgment of the services conferred on 
the public by your Lordship's Act^ making the abate- 
ment of the smoke nuisance compuhory. 

This workj my Lord^ is the result of my practical 
esperience as Founder and Managing Director of the 
City of Dublin Steam Packet Company, established 
in 1824. In it I have not made a single statement 
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DEDICATION. 

that has not been either warranted by the highest 
chemical authorities, or justified, by the most unques- 
tionable experimental proof. 

As considerable alarm has been expressed by 
certain manufacturers and others, under the impression 
that from the nature of their respective operations, it 
will be impossible to comply with the provisions of the 
Act (16 & 17 Vict. cap. 128), I may here observe, 
that although many have been induced to adopt com- 
plicated, and even costly expedients, and have, never- 
theless, failed in preventing the nuisance so justly 
complained of, they may yet find, that by more cor- 
rect, simple, and less expensive means, they may be 
enabled to satisfy the exigencies of that Act. 

During the last fifteen years I have proved, that 
even in the largest establishments, and in the fdmaces 
of marine boilers, the great nuisance of smoke may 
be avoided, and even with the accompaniment of con- 
siderable economy. 

Although many hundreds of furnaces in the manu- 
facturing districts have been constructed by others, 
on the principles suggested in this work, I have never 
made a single application to any government or public 
establishment; aware of the suspicion which ever 
attaches to the advocacy of an interested party; and, 
above all, of the difficulty of overcoming old-establish- 
ed customs and prejudices. I have long, therefore. 
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anxiously looked for some legislative enactment by 
which those who create public nuisances shall be com- 
pelled to abate them. 

My patent of 1839 having now expired, I have 
no interest whatever in bringing the subject thus 
prominently forward, beyond the natural claim to the 
credit of having (in the words of Sir Robert Kane) 
been "the first to place this subject in its important 
and just aspect." 

I have the honor to be, 
My Lord, 
Your Lordship's obliged and humble Servant, 

CHARLES WYE WILLIAMS. 
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PREFACE, 



Being much interested in tbe improvement of eteam veBBela^ 
from my connection with seireral steam navigation companiesj 
and having had a longer and more extended experience in the 
details of their building and equipping than^ perhapa, any indi- 
vidual director of a steam company in the kingdom j my atten- 
tion has been uninterruptedly given to the subject since the 
year 1823, when I first established a steam oompanyj and 
undertook to have the first steam-vessel constructed capable of 
maintaining a commercial intercourse across the Irish Channel^ 
during the winter months, and whichj till then, had been con- 
eidered impracticable. 

The result of this long experience is the finding, that, not- 
withstanding the improved state to which the construction and 
appointments of the hull and general machinery of steam- 
Tcssels have arrived, great uncertainty and risk of failure still 
prevail in the mt of fuel and the generation of steam. 

It is true, the engineer, who undertakes the construction of 
the engines, also undertakes that the boilers shall provide a 
iuflSciency of steam to work them ; but what that M{fficimctf 
means, has not been decided ; and, in too many instances, the 
absence of some fixed data on the subject leaving the evils of a 
deficiency of steam or a great expenditure of fuel unabated. 

So long as the operations of steam-vessels were confined to 
coasting or short voyages, the consequences of these defects in 
boilers, as regards the quantity of fuel, were a mere question of 
pounds, shillings, and pence- When, however, those operations 
came to he extended to long sea voyages, these consequences 
tool; a more comprehensive range, and involved the more im- 

t 
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portant question, whether such voyages were practicable or 
profitable. 

From being so deeply interested in the improvement of this 
department of steam navigation^ I have watched^ with no small 
anxiety^ the efforts of the engineers to arrive at some degree of 
certainty in what was admitted^ on all hands^ to be the most 
serious drawback to the successful application of steam-vessels 
to long sea voyages. I perceived the absence of any well- 
founded principle in the construction of the boiler; — ^that the 
part on which most depended appeared least imderstood, and 
least attended to, namely^ the furnace; and that this was too 
often left' to the skill (or want of it) of working boiler-makers 
or bricklayers. I saw that, although the great operations of 
combustion carried on in the furnace, with all that belongs to 
the introduction and employment of atmospheric air, were 
among the most difficult processes within the range of chemistry, 
the absence of sound scientific principles still continued to 
prevail; yet on these must depend the extent or perfection of 
the combustion in our ftirnaces. 

Years were still passing away, and while every other depart- 
ment was fast approaching to perfection, all that belonged to 
the combustion of fuel — ^the production of smoke — and the 
wear and tear of the furnace part of the boiler, remained in the 
same status quo of uncertainty and insufficiency; and even that 
boilers and their furnaces, constructed within the last few years, 
exhibit greater violations of chemical truths, and a greater 
departure from the principles on which nature proceeds, than 
any preceding ones which have come under jfij observation. 

In the proper place I will shew, that, 6f late years, as much 
uncertainty as to the success of a new boiler has prevailed as 
when I first began operations, thirty years ago; and that few 
boilers, for land or marine engines, exhibit more in the way of 
effecting perfect combustion or economy of fuel than those of 
any former period since the days of Watt. 

I here observe, that I do not affect to give any new view of 
the nature of combustion, much less do I make any claim to 
discovery. What I take credit for is, the practical application. 



Ill 



an the large scale of the furnace, of those chemical truths which 
are so well known in every laboratory, I also take credit for 
bringing together the scattered facts and illustrations of such 
authorities as bear on the subject before us, and so applying 
them as to enable practical men to imderstand that part which 
chemistry has to act in the construction, arrangements, and 
working of our boilers and furnaces. 

The first part of this Treatise, in which the chemistry of com- 
bustion is considered, first published in 1840, is here now repub- 
lished in a condensed form, in connexion with the second part, 
involving the practical application of the subject. 

It is here unnecessary to say any thing on the causes which 
have led to so long an interval. It may, however, be observed, 
that the postponement of the second or practical part, has had 
this advantage, that it has afibrded the means of introducing 
the recent changes that have been made in boilers; and par- 
ticularly of that important one, the introduction of the tubular 
principle into steam navigation. 



C. W. WILLIAMS. 



Liverpool, 

1864. 



PART FIRST. 



CHAPTEB L 



OF THE CONSTITUENTS OP COAL, AND THE GENE- 
RATION OF COAL GAS. 

In the following treatise I do not undertake to shew how 
the smoke from coals can be burned; but I do undertake to shew 
how coals may J>e humed wthout smoke; and this ^stinction 
involves the main question of economy of fueL 

When smoke is once produced in a furnace or flue, it is as 
impossible to bium it or convert it to heating purposes, as it 
. would be to convert the smoke issuing from the flame of a can- 
dle to the purposes of heat or light. 

When we see smoke issuing from the flame of an ill^adjusted 
common lamp, we eiao find the flame itself dull and murky, and 
the heat and light diminished in quantity. Do we then at- 
tempt to btim that smoke? No; it would be imposnble. 
Agun, when we see a well-adjusted Argand lamp bum wthout 
prodticinff any smoke, we also see the flame white and clear, and 
the quantity of heat and light increased. In this case, do we 
say the lamp bums its smoke? No; we say the lamp burns 
without smoke. This is the fact, and it remains to be shewn 
why the same language may not be applied to the combustion 
of the same coal and the same gas, in the furnace, as in the 
lamp. 

In a treatise purporting to describe the means of obtaining 
the largest quantity of heat from coal, the first step is an in- 
quiry into the varieties of that combustible and its respective 
constituents. 

The classification of the various kinds of coal, the details of 
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an elaborate analysis, made by Mr. Thomas Richardson, with 
the aid of Professor liebig are as follows : — 



Species of 
Coal. 


Locality. 


Carbon. 


Hydrogen. 


Azote and 
Oxygen. 


Ashes. 


Splint 

Ca^el 

Cherry 

Caking 

»» 




Wylam . . 
Glasgow . 
Lancashire . 
Edinburgh . 
Newcastle . 
Glasgow . 
Newcastle . 
Durham 


74-823 

82-924 
83-763 
67-697 
84-846 
81-204 
87-962 
83-274 


6-180 
6-491 
6-660 
6-406 
6-048 
6-462 
6-239 
6-171 


6-085 
10-467 

8-089 
12-432 

8-430 
11-928 

6-416 

9-036 


13-912 
1-128 
2-648 

14-666 
1-676 
1-421 
1-393 
2-619 



The most important feature in reference to this analysis, is 
the proportion of hydrogen which all bituminous coal contains, 
and which may be estimated at 5} per cent — hydrogen being 
the main element in the evolved gas, and by the combustion of 
which flame is produced. 

The theory of combustion is now well understood by scien- 
tific men ; but, as a practical art, it still remains at a very low 
ebb. 

We know, sdentificolly, that carburetted hydrogen and the 
other compoimds of carbon require given quantities of atmos- 
pheric air to effect their combustion ; yet we adopt no means, 
practically, of ascertaining what quantities are supplied, and 
treat them as though no such proportions were necessary. We 
know, scientifically, the relative proportions in which the consti- 
tuents of atmospheric air are combined; yet, practically, we 
appear wholly indifferent to the distinct nature of these consti- 
tuents, or their effects in combustion. We know, scientifically, 
that the inflammable gases are combustible only in proportion to 
the degree of mixture which is effected between them and the 
oxygen of the air ; yet, practically, we never trouble our heads 
as to whether we have effected such mixture or not. These 
and many similar illustrations exhibit a reprehensible degree 
of carelessness, which can only be corrected by a sounder and 
more scientific knowledge of the subject ; and this can only be 
attained through the aid of chemistry. 

The main constituents of all coal, as we see in the preceding 
table, are carbon and hydrogen. 

In the natural state of coal, the hydrogen and carbon are 



united and solid. Their respectiye characters and modes of en- 
tering into combustion are^ however^ essentially different ; and 
to our neglect of this primary distinction is referable much of 
the difficulty and complication which attend the use of coal on 
the large scale of our. furnaces. 

The first leading distinction is, that the bituminous portion is 
convertible to the purposes of beat in the gaseous state alone; 
while the carbonaceous portion ^ on the contrary^ is combustible 
only in the solid state; and^ what is essential to be borne in 
mindj neither can be consumed while they remain united. 

The use of the term ^^fuel^ as applied to the combustion of 
coal during its several processes in the furnace, without re- 
ference to any particular constituent, whether gaseous or solid, 
is sufficiently indicative of the inattention to the chemical con- 
ditions of combustion.* 

The general impression is, that coal, spoken of under the 
objectionable term of ^^fuel/* enters into combustion at once, on 
the application of heat, and that, during such combustion^ it 
evolves the gaseous matter which it contains. . This, however, 
is neither correct nor scientific, and evades an important feature 
in the use of coal, namely, the order in which the gaseous and 
solid portions come into use as beat-giving media. 

When heat is first applied to bituminous coal, the question 
naturally arises, What becomes of it? or, What is its effect? 

A charge of fresh coal thrown on a furnace in an active state, 
so far from augmenting the general temperature, becomes at 

* Many instances of inattention might here be given. The following 
will suffice. In a popular treatise on the steam-engine, by Dr. Lardner, 
speaking of Brunton's reyolving grate, he observes, ^* The coals are let down 
from the hopper on the grate, and as they descend in very small quantities at 
a time, they are almost immediately igmted,'* Here the coal is represented as 
being ignited, or converted into flame, which is incorrect. Coal-gas may be 
converted into flame, and coke may be ignited, but coal can neither be ignited 
nor converted into flame. 

Again, ^' But, until their ignition is complete," a smoke will arise, which, 
passing to the flue over the burning coal, toUl be ignited." Here it is the gas 
which is ignited — the term smoke being improperly used instead of gas. 
This, also, is incorrect, as smoke, properly speaking, being once formed, cannot 
be ignited or inflamed in the same furnace. 
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once an absorbent of it and the Bonrce of the wkUUixation of the 
bituminous portion of the coal ; in a word, of the generation of 
the gas. Novr, volatilization is the most cooling prdcess of 
nature, hj reason of the quantity of heat which is directly con- 
verted from the sensible to the latent state. So long as any o( 
the bituminous constituents remain to be evolved from any 
atom or division of the coal, its solid, or carbonaceous part 
remains black, at a comparatively low temperature, and utterly 
inoperative as a heating body. In other words, the carbon- 
aceous part has to wait its turn for that heat which is essential 
to its own combustion, and in its own peculiar way, as will be 
explained hereafter. 

We also see, that if this bituminous part be not consumed 
and turned to account, it would have been better had it not 
existed in the coal ; as such heat would, in that case, have been 
saved and become available for the business of the furnace. 
To this circumstance may be attributed the alleged compara- 
tively greater heating properties of coke, or anthracite, over 
bituminous coal. 

The point next under consideration will be the processes 
incident to the combustion of the gaseous portion of the coal, as 
distinct from the carbonaceous or soUd portion. 



CHAPTER II. 



OF GASEOUS COMBINATIONS, AND PARTICULARLY 
OP THE UNION OP GOAL GAB AND AIR. 

Hating pointed out the leading characteristic in the use of 
coal J arising out of its elementary divislonsj bituminous and 
carbonaceous f our next step is, its union with atmospheric air. 
This part of the subject will require the more attention, as the 
practicable economy in the use of coal will be found connected 
with the combustion of the gases. The mechanical engineer 
may ask, What has this to do with boiler-making and furnace- 
building? Nevertheless, it involves the whole question of right 
or wrong, so long as a furnace is to be part of a boiler, and that 
coal is to be consumed in that furnace. 

On the application of heat to bituminous coal| the first result, 
as already mentioned, is its absorption by the cool, and the dis- 
engagement of gaa, from which dame b exclusively derivable* 

The constituents of this gaa are, hydrogtn and carbon ; and 
the unions which alone concern us here are, carburetted h^droffen^ 
and bi'Carhuretted hydrogen^ commonly called defiant gas. 

CombiistibiUty 18 not a quality of the combustible, taAen by 
itself. It is, in the case now bcibre us, the union of the com- 
bustible with oxygm^ and which^ for this reason, is called the 
" supporter ;" neither of which, however, whm taken alone^ can 
be consumedp* 

* " In ordinary language, a body la flwd to bum when its elements unite 
with the oxygen of the air, and form new products. One of the bodies, as 
liydrogenj is termed the burning or combustible body, and the oxygen is said 
to be the supporter of combustion ; but thia language, although coDveaienl 
for common at5e, is incorrect as a acientifie ci'pression, for oj^ygen may be 
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To effect combustion, then, we must have a combustible and a 
supporter of combustion. Strictly speaking, combustion means 
union; but it means chemical union. 

Let us bear in mind, that coal gas, whether generated in a 
retort or a fomace, is essentially the same. Again, that^ 
strictly speaking, it is not inflammable; as, by itself, it can 
neither produce flame nor permit the continuance of flame in 
other bodies ; a lighted taper introduced into a jar of carburetted 
hydrogen, (coal gas,) so &r from inflaming the gas, is itself 
instantly extinguished. Effective combustion, for practical 
purposes, is, in truth, a question more as regards the air than 
the yas* Besides we have no control over the gas, as to quan- 
tity, after having thrown the coal on the fumaoe, though we can 
exercise a control over that of the air, in all the essentials to 
perfect combustion. It is this which has done so much for the 
perfection of the lamp, and may be made equally available for 
the furnace; yet, strange to say, in an age, when chemical 
science is so advanced, and in a matter so purely chemical, this 
is precisely what is least attended to in practice. The howj and 
the wheny and the where this controlling influence over the 
admission and action of the air is to be exercised, are points 
demanding the most serious consideration, and can only be 
decided on strict chemical prmdples. 

bamed in a vessel of hydrogen, as well as hydrogen in a vessel of oxygen, 
the one and the other being equally active in the process, and being related 
to each other in every way B^jke.^'—^Eiements of Chemistry, by Bobert 
Kane,M.D. Part I., p. 286. 1840. 



CHAPTER III. 



OF THE CONSTITUENTS OF GOAL GAS AND AIR, AND 
THE RELATIVE QUANTITIES REQUIRED FOR COM- 
BUSTION. 

The first step towards effecting the combustion of any gas, 
is the ascertaining the quantity of oxygen with which it will 
chemically combine, and the quantity of air required for sup- 
plying such quantity of oxygen. Here, then, we are called on 
for strict chemical proofs — these several quantities depending 
on the faculty of each in combining with certain definite pro- 
portions of the other — ^the supporter; these respective propor- 
tions being termed '* equivalents^^ or combining volumes. 

Now, the doctrine of ''equivalents," that all-convincing 
proof of the truths of chemistry, reduces, to a mere matter of 
calculation, that which would otherwise be a complicated tissue 
of uncertainties. 

Much of the apparent complexity which exists on this head 
arises from the disproportion between the relative volumes^ or 
bulky of the constituent atoms of the several gases, as compared 
with their respective weights. For instance, an atom of hydrogen 
is double the bulk of an atom of carbon vapour; yet the latter is 
six times the weight of the former. 

Again, an atom of hydrogen is douUe the bulk of an atom of 
oxygen ; yet the latter is eight times the weight of the former. 

So of the constituents of atmospheric air — ^nitrogen and 
oxygen. An atom of the former is double the bulk of an atom 
of the latter ; yet, in weight, it is as fourteen to eight. 

I have stated, that there are two descriptions of hydro-carbon | 
gases in the combustion of which we are concerned ; both being 
generated in the furnace, and even at the same time, namely, 
the carburetted and bi-carburetted hydrogen gases, the proportion! 
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lof the latter in coal gas being estimated at about ten per cent 
For the sake of simplifying the explanation, I will confine 
myself to the first. 

On analyzing this gas, we find it to consist of two volumes of 
hydrogen and one of carbon vapour ; the gross bulk of these 
three being condensed into the bulk of a single atom of hydrogen, 
that is, into two-fifths of their previous bulk, as shewn in the 
annexed figures. Let figure 1 represent an atom of coal gas — 
carburetted hydrogen — with its constituents, carbon and hydro- 
gen ; the space enclosed by the lines representing the relative 
size or volume of each ; and the numbers representing their 
respective weights — hydrogen being taken as tmity both for 
volume and weight.* 

CarbureUed Hydrogen. 
Kg. 1. 



("^alSr ) Ito coDaatueEte, 




Bi-carhuretted Hydrogen. 
Fig. 2. 



®— 



• << Ce gaz (carburetted hydrogen) est compose de 76.17 parties (by weight) 
de carbone, et 24*33 d'hydrog^ne ; ou, d'un volume de carbone gazeux et 
quatre volumes de gaz hydrogene, condenses k la moiti6 du volume de ce 
dernier, ou, aux 2/5 du v(^ume total du gaz, de maniere que de cinq volumes 
simples, il n'en rdsulte pas plus de deux de la combinaison." — BerzeUus 
Vol. I., 330. 
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Let us now, in the same analytical manner, examine an atom 
of atmospheric air, the other ingredient in combustion. 

Atmospheric air is composed of two atoms of nitrogen and one 
atom of oxygen ; each of the former being double the volume of 
an atom of the latter, while their relative weights are as four- 
teen to eight : the gross volume of the nitrogen, in air, being 
thus four times that of the oxygen ; and in u^eigJU, as twenty- 
eight to eight, as shewn in the annexed figure 3. 

Aimotphertc Air. 



Fig. 3. 




In the coal gas we found the constituents condensed into two- 
fifths of their gross bulk : this is not the case with air ; an atom 
of which is the same, loth as to bulk and weight, as the sum of 
its constituents, as here shewn. Thus, we find, the oxygen 
bears a proportion in volume to that of the nitrogen, as one to 
five ; there being but 20 per cent, of oxygen in atmospheric 
wr, and 80 per cent, of nitrogen. 

We now proceed to the ascertaining the separate quantity of 
oxygen required by each of the constituents (of the gas), so as to 
effect its perfect combustion. 

TVith respect to this reciprocal saturation, the great natural 
law is, that bodies combine in certain fixed proportions only, both 
in volume and weight.^ 

• '< L'ezp^rience a d6montr6 que, de mSme que leg elemensr se combinent 
dans des proportions fixes et multiples, relativement k leur poids, Us se com- 
binent aussi, d'une maniere analogue, relativement k leur volume^ lorsqu'ils 
sont k r^tat de gaz: en sorte qu'nn volume d'un element se combine, ou, avec 
un volume 6gal au sien, ou avec % 3, 4 et plus de fois son volume d'un autre 
element k P^tat de gaz. En comparant ensemble les phenom^nes connus des 
combinaisons de substances gazeuses, nous d^couvrons les mhnes his des pro- 
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The important bearinge of this elementajry principk oannot 
be more strikingly illustrated than in the combinations of which 
ike elements of atmospheric air are susceptible. 

For instance^ oxygen unites chemically with nitrogen in five 
different proportions, forming five distinct bodies, each essen- 
tially different from the others, thus : 

Atoms. Weight. Atoms. Weight. ^ Oro$s Weight. 

1 of Nitrogen 14 unites with 1 of Oxygen 8 forming Nitroua Oxide 22 
1 .... 14 .... 2 . ... 16 . . Nitric Oxide . 80 
1 . . . . 14 . . • . 3 . . • • 24 . • Hyponitrous Acid 38 
1 . . . . 14 . . . . 4 . . . • S2 . . Nitrous Acid . . 46 
1 .... 14 .... 6 .... 40 . . Nitric Acid . . 64 

Or thus: Pig. 4. 
( Nitrpien. j[ Nitrogea. jfo*J8»n-V Atmospheric Air. 




Nitrous Oxide. 



- Nitric Oxide. 



flyponitrouB Acid. 



Nitrous Acid. 



Nitric Acid. 



portions fixes, que celles que tous venons de dddnire de leurs proportions en' 
poids : ce qui donne lieu k une maniere de se repr^senter les corps, qui doivent 
se combiner, sous des volumes relati& k Tetat de gaz. Les degr^s de combi- 
naisons sont absolument les m^mes, et ce qui dans Pune est nomme atome, est 
dans I'autre appele volume."— Berzelius, Vol. IV., 540. 
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We here find the elanents of the air we breathe^ fay a mere 
change in the proportions in which they are united^ forming 
so many distinct substances^ from the laughing gaa^ (nitrous 
oxide^) up to that most destructire agents nitric acid, com* 
monly called aqtiOrforiis. 

On the application of heat^ or what may be termed the-^firing or 
lighting the gas^ when duly mixed with air^ the hydrogen sepa- 
rates itself from its felhw-eonstituent, the carbon^ and forms an 
union with oxygen, the produce of which is water. The satu- 
rating equivalent of an atom, or any other given quantity of 
hydrogen^ is not double the volume, as in the case of the carbon, 
but one-half its volume only — ^the product being aqueous va- 
pour, that is, steam ; the relative weights of the combining vo- 
lumes being 1 of hydrogen to 8 of oxygen ; and the bulk, when 
combined, being two-thirds of the bulk of both taken together, 
as shewn in the annexed figure. 



Steam. 




Fig. 5. 



Again, the carbon, on meeting its equivalent of oxygen, 
unites with it, forming carbonic acid gas, composed of one atom 
of carbon, (by weight 6,) and two -atoms of oxygen, (by weight 
16,) the latter, in volume, being double that of the former, as 
in the annexed figure. 



Carbonic Acid. 




Fig. 6. 



No facts in chemistry, therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom of oxy- 
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gen {the farmer being double the htdk of the latter) unite in the 
formation of water; and, further, that one atom of carbon va- 
pour and two atoms of oxygen (Jhe latter being double the bulk 
of the farmer) unite in the formation of carbonic acid gas. 

Having thus ascertained the quantity of oxygen required for 
the saturation and combustion of the two constituents of coal 
gas, the remaining point to be decided is, the quantity of air 
that will be required to supply this quantity of oxygen. 

This is easily ascertained, seeing that we know predsely the 
proportion which oxygen bears, in volume, to that of the air. 
For, as the oxygen is but ane^fifth of the bulk of the air,^t)« 
volumes of the latter wiU necessarily be required to produce 
one of the former; and, as we want two volumes of oxygen for 
each volume of the coal gas, it follows, that, to obtain those two 
volumes y we must provide ten volumes of air. 

As the proportion of air required for the combustion of the 
bi'carburetted hydrogen (defiant gas) is necessarily larger than 
for the carburetted hydrogen, a diagram of each is annexed, 
shewing the volume of air required for combustion. 



Carburetted Hydrogen. 



Before combustion. Elementary mixture. Products of combustion. 



Weighi. 



8 Carburetted 
Hydrogen. 



144 Atmospberic 
Air. 
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Weight. 



1 Carbon... 
1 Hydrogen 
1 Hydrogen 

1 Oxygen... 
1 Oxygen... 
1 Oxygen... 
1 Oxygen... 
8 Nitrogen 112^ 

162 




Weight. 
~^ 22 Carbonic Acid. 



9 Steam. 
9 Steam. 



112 Uncombined 
" — Nitrogen. 
162 
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Bi'Carhuretted Hydrogen. 



Before combustion. Elementary mixture. 



ProductB of combustion. 



Wiight. 



A^&ms, 



Weight, 



W^ht^ 





' 1 Carbon... (^ 


14 Bt-cafljuretted , 


1 Carbon-., fi 


Hydrogen* 


1 Hydrogen 1 


^ 1 Hydrogen 1 




1 OxygDH.,. 8 




1 Oxygen... fi 




I Oxygen,.. S 


216 Atmofipherk 
Air. 


1 Oxj'gen... 8 


1 Oxygen,., 8 




I Oxygen... 8 


^12 Nitrogen IftS 


230 


230 




22 Ojirbonic Acid. 

23 Caibonic Acid* 
9 Steam. 

9 Steam > 



163 Uncombincd 

Nitrogen. 

290 



a 



CHAPTER IV: 



OP THE QUANTITY OF AIR REQUIRED FOR THE CON- 
BUSTION OF CARBON, AFTER THE GAS HAS BEEN 
GENERATED. 

Having disposed of the question of quantity, as regards the 
supply of air required for the saturation and combustion of the 
gaseom portion of coal, we have now to answer a corresponding 
question, with reference to the carbonaceatis part resting in a 
solid form on the bars after the gaseous matter has been evolved. 

Carbon is stated, by chemists, to be susceptible of uniting 
with oxygen in three proportions, by which three distinct bodies 
are formed, possessing distinct chemical properties. 

This peculiarity of the unions of carbon with oxygen is 
wholly unattended to in practice : yet we shall see how essential 
it is in considering the quantity of air to be introduced to a 
Aimace. 

These three proportions, in which carbon unites with oxygen, 
form, first, carbonic acid; second, carbonic oxide; and, third, 
carbonous acid (or oxalic acid). With the first and second only 
we have to deal in the fwnmce — the difference between these 
two formations being peculiarly important to our present 
subject. 

Were carbonic acid the only product of the combustion of 
the carbon of the coal in the furnace, no more would here have 
to be said; but there is the other state in which we find carbon 
uniting and passing away with oxygen, and which gives rise to 
considerations of the utmost importance in this branch of the 
inquiry. This other state is that of carbonic oxides the forma- 
tion of which, in the furnace, is wholly unheeded in practice. 
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although its influence on the quantity of heat obtained is 
very considerable, the very name of this gas not having hitherto 
been noticed by any writer in connexion with combustion in 
the fiimace. 

Carbonic acid^ we have seen^ is a compound of one atom of 
carbon with two atoms of oxygen; while carbonic oxide is com- 
posed of the same quantity of carbon with but half the above 
quantity of oxygen, as in the annexed figures. 

Fig. 7. 



Carbon, 6, forms Carbonic Add, 






Fig. 8. 



Carbon, 6, foims Carbonic Ozide,14 1 




Oxygen, 8, 



Here we see, that carbonic o^de, though containing but 
one-half the quantity of oxygen, is yet of the same bulk or vo- 
lume as carbonic acid, a circumstance of considerable import- 
ance on the mere question of draught, and supply of air, as will 
be hereafter shewn. 

N0W5 the combustion of this oxide , by its conversion into the 
acid^ is as distinct an operation ae the combustion of the car- 
buretted hydrogen, or any othel* combustible ; yet all this is 
wholly overlooked in practice in the operations carried on in the 
furnace. 

But the most important view of the question, and one which 
is little known to practitioners outside the laboratory, is as re- 
gards the formation of this oxide; and this is the part of the 
inquiry which most requires our attention. 

The direct effect of the union of carbon and oxygen is the 
formation of carbonic add. If, however, we abstract one of its 
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portions of oxygen^ the remaining proportions would then be 
those of carbonic oxide. It is equally clear^ however^ that if 
we add a second portion of carbon to carbonic acid, we shall 
arrive at the same result, namely, the having carbon and oxy^ 
gen combined in equal proportions, as we see in carbonic oxide. 

Fig. 9. 



Cnrbf>n, 6» forming Carbonic Acid, 22. 



By the addition, then, of a second proportion of carbon to 
the above, two volumes of carbonic oxide will be formed — 
thus: 

Fig. 10. 





Oxygen, 8, 



Oxygen, 8, 




Carbon, G, forming Carbon Oxide, 14 



Carbon, 6, forming Carbon Oxide, 14 




Now, if these two volumes of carbonic oxide cannot find the 
oxygen required to complete their saturating equivalents, they 
pass away necessarily but half consumed, a circumstance which is 
constantly taking place in all furnaces where the air has to pass 
through a body of incandescent carbonaceous matter. 

This frequently leads to a fatal error in what is called the 
*' combustion of smoke " : for if the carbonaceous constituent 
of coal, and, while yet at a high temperature, encounters car- 
bonic acid, this latter, taking up an additional portion of carbon, 
is converted into carbonic oodde, and again becomes a gaseous 
and invisible combustible. 

The most prevailing operation of the furnace, however, and 
by which the largest quantity of carbon is lost in the shape of 
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carbonic axtde^ iti thus :— The air, on enteriDg from the aahpit, 
givea out its oxygen to the glowing carbon on the bars, and 
generates much heat in the formation of carbonic acid. This 
acidf neceaaarily at a very high temperature, passing upwards 
through the body of incandeacent solid matter^ takes up an ad- 
ditional portion of the carbon, and becomes carbonic oxide** \ 

Thus J by the conversion of one volume of acid into two vo-\ 
lumes of oxide, heat is actually absorbed , while we also lose / 
the portion of carbon taken up during such conversion, and 
are deceived by imagining we have ^^ burned the imokej^ 

The formation of this compound, carbonic oxide, being thua 
attended by circumstances of a curious and involved nature, 
is, probably^ the cause of the prevailing ignorance of its pro- 
perties. For, while we find, in every mouth, the term carbonic 
acid, as the product of combustion, we hear nothing of carbonic 
axidCj one of the most waste-inducing compounds of the furnace, 
unless provided with its equivalent volume of air, by which ite 
combustion will be effected.f 

Another important peculiarity of this gas (carhonic oxide) 
IS, that, by reason of its already possessing one-half its equi- 
valent of oxygen, it inflames at a lower temperature than the 
ordinary coal-gas ; the consequence of which is, that the latter, 
on passing into the fluesj is often cooled down below the tern- 

* " Carbonic oxide may he obtaked by trangroittiiig carbonic add over 
red hot TrngmentB of charcoal contained in on Iron or poroelain tube^ It is 
easily kindled : coTObines with half ita volume of oxygen, fonning carbonic 
acid, whicli retains the original Tolume of the carbomc oxide. The com« 
bnstion is often wltnesded in a coke or charcoal fire* The carbonic acid pro- 
duced in the lower part of the fire ia converted into carbonic oxide as tt pasaea 
up throagh the red hot etahet^."^- Graham's Elements of C^iemUtn/. 

j- '^ Among the stove-doctors of the present day, none are more dangerona 
than tho&e whOj on the pretence of economy and conveniencej recoramend 
to keep a large body of coke burning slowly , with a slow circulation of air* 
An acquaintance with ehemieal science would teach them, that, in the ob- 
icure combustion of coke or charcoal, much carbonic oxide is generated, and 
much fuel consumed, with the production of little heat; and phytjical science 
would teach them^ that, when the chimney draught is languid, the burned 
air is apt to regurgitate through every seam or crevice, with the imminent 
risk of causing asphyxiflt or death, to the inmates of apartments ao preposte- 
rously heated/' — Dr. Urea Paper on Ventilating and Heating ApartmentHf 
read before the Royal Sociefg, 16//* JunCy 1836. 
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perature of ignition; while thid former i& sufficiently heated> 
even after haying reached the top of the chimney, and is there 
ignited on meeting the air. This is the cause of the red flame 
often seen at the tops of chimneys and the funnels of steam- 
vessels 

We may thus set it down as a certainty, that, if the carbon, 
either of the gas or of the solid mass on the bars, passes away 
in union with oxygen in any other form or proportion than that 
of carbonic acid, a commensurate loss of heating effect is the 
result. 

Hence we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies the 
observation of Chevreul, in his " Lemons de Chimie," that '* to 
cormaissance de ses proprietee est indispensable pom Men comwitre 
h carbonJ** 

Of the application of carbonic oxide in the manufacture of 
iron, and the mode of effecting its combustion, notice will be 
taken in a subsequent chapter. 



CHAPTER V. 



OP TEE QUALITY OF THE AIH ADMITTED TO 

A FURNACE. 

When we epeak of mixing a given quantity of oxygen with 
ii given quantity of coal gaa, we do so because we know that 
the former ia required to saturate the latter ; so when we speak 
cf mixing a given volume of atmospheric air with a given volume 
of coal-gas, we do ao knowing that such precise quantity of 
air will provide the required quantity of oxygen. 

If, however, by any circumstance, accidental or otherwise, 
the air we employ has either lost any portion of its oxygen, or 
13 mixed with any other gaa or matter, it no longer bears the 
character of pure atmospheric air, and cannot satisfy the 
condition as to qiimiUty o^ oxygen which was essential to our 
purpose. 

We require ten cubic feet of uir to supply tioo cubit feet of 
QWi^gmi to effect the combustion of mie cubic foot of coal gas ; but 
if this quantity of air does not contain this 20 per cent, it is 
manifest we cannot obtain it- The air, in this case, may be 
said to be vitiated or deteriorated ; and, in this sense, the quality 
of the air we employ is entitled to serious consideration. 

Let us now inquire how far the ordinary mode of construetiug 
and managing our furnaces enables us to satisfy this condition, 
namely, the providing rnivitiated ait both to the solid car~ 
honaceotis portion of the coal on the bars 3 and the gaseous portion 
in the furnace, 

Tredgold, and others after him, overlooking these distinctive 
features in the processes which coal undergoes in its progresa 
towards combustion, give preposterous directions as to the 
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introduetion of air. He b&j&, ** The opening to admit air (the 
ashpit) should be sufficiently large for producing the greatest 
quantity of steam that can be required^ but not larger." Here 
we find the *' qwmtity of steam^ actually considered as depen- 
dent on the area of '^the opening to admit atr" to the ashpit^ 
than which nothing can be more incorrect.* If^ then, Tred- 
gold could so palpably overlook the chemical essentials in the 
combustion of the two separate constituents of coal, it cannot 
be a matter of surprise that those who have been taught to 
follow in his steps should have made so little advance in per- 
fecting our system of furnaces. 

I have alluded to Tredgold's directions with the view of 
pointing attention to that which has hitherto been so neglected, 
namely, the two distinct operations of supplying air to the gas 
generated in the upper part of the furnace, and to the solid 
carbon resting on the bars ; and, also, to the injury caused by 
compelling the whole supply to pass through the ashpit, and 
through such solid carbon ; by which not only a deficiency of 
oxygen is occasioned in the air intended for burning the gas, 
but an imdue and injurious urging of the combustion of the 
carbonaceous matter.f 

Yet this is our daily practice. We bring air to the gases 
which has already been employed in a separate and even de- 

♦ ^^n the constrnclioii of fire-places for boilers,'^ heobservesy "we have 
to combine every thing which is likely to add to the effect of fuel, and to 
avoid every thing which tends to diminish it, as far as possible. Now, with- 
out some knowledge of the nature of the operation of burning, it will scarcely 
be possible to do any thing good except by mere aecideat. We should be 
like seamen in a vessel at sea without a compass, with as little chance of 
steering to the intended port." 

No man can question whether the absence of a compass would not be pre- 
ferable to one which should directly induce us to steer a wrong course. 

t " To succeed in consuming the combustible gases," observes Tredgold, 
*' it is necessary that they mix with air that has become hot, by passing 
throtighyoverf or among the fuel which has ceased to smoke ; the words of 
the patent of Mr. Watt, dated 1785." 

Here there can be no mistake, yet nothing can be more unscientific or un- 
sound in principle. The inevitable result of tliis operation would be : first, 
the depriving the air, more or less, of its oxygen ; and, second, by urging this 
increased quantity of air to act like a blast on such red hot fuel, to consume 
it with unnecessary and injurious rapidity. 
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structive process, and yet expect the result to be satisfactory 
and the combustion complete. And when we find, instead of 
producing carbonic acid and water, that we have produced a 
large volume of smoke — of unconsumed combustible matter — 
we then set about inventing processes by which this smoke is 
to be ^*consumedy^ and the evil we had ourselves produced, 
corrected. 



CHAPTEK VI. 



OF THE MIXING AND INCORPORATION OF AIR AND 

COAL GAS. 

Having disposed of the questions regarding the quantity and 
quality of the air to be admitted^ our next consideration is^ the 
effecting such a mixture as is required for effective combustion. 

It seems taken for granted, in practice on the large scale, 
that, if fur, by any means, be introduced to '^ the fuel in the 
furnace," it will, as a matter of course, mix with the gas, or 
other combustible, in a proper manner, and assume the state 
suitable for combustion, whatever be the nature or state of such 
fuel. Yet, as well might it be said, that bringing together 
given quantities of nitre, sulphur, and charcoal, in masses^ was 
sufficient for the constitution of gunpowder. It is, however, 
the proper distribution, mixture, and incorporation of the 
respective elementary atoms of those masses which impart 
efficiency and simultaneousness of action, and, necessarily, their 
explosive character : * and so, also, in the bringing bodies of 
gas and air into a state of preparation for efficient and simulta- 
neous combustion. 

In operating in the laboratory, when we mix a measured jar 
of an inflammable gas with a due complement of oxygen gas, 

♦ Doctor Ure in his Chemical Dictionary, puts this clearly and forcibly. 
Gunpowder is composed of given weights of nitre, charcoal, and sulphar, "in- 
timateJy blended together by long pounding in wooden mortars." Again, 
" The variations of strength, in different samples, are generally occasioned by 
the more or less intimate dimsum and mixture of the parts. The reason of 
this may be easily deduced from the consideration, that nitre does not detonate 
until in contact with inflammable matter : whence the whole detonation will 
be more speedy the more numerous the surfaces ofcontaxitJ* 
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the operation being perfonned leisurely^ due incorporation fol- 
lows, and no question as to the want of time arises. 

In this operation the quantities are small : both bodies are 
gaseous : there is no disturbing influence from the presence of 
other matter : the relative quantities of both are in saturating 
proportions; and above all^ are unaffected by current or draught. 

But compare this deliberate laboratory operation with what 
takes place in the furnace. Firsts the quantities are large: 
secondly^ the bodies to be consumed are partly gaseous^ partly 
solid : thirdly^ the gases evolved from the coal are part combus- 
tible and part incombustible : fourthly^ they are forced into 
connection with a large and often overwhelming quantity of the 
products of combustion^ chiefly carbonic acid : fifthly^ the very 
air introduced is itself deteriorated in passing through the bars 
and incandescent fuel on them^ and thus deprived of much of 
its oxygen : sixthly, and above all, instead of being allowed a 
suitable time, the whole are hurried away by the current or 
draught in large masses* 

Dr. Beid, in his '^Elements of Chemistry," when describing 
the detonating mixture, directs ^^ that the oxygen be weU 
mingled with the hydrogen." Here deliberate measures are 
taken for the diffusion of a mere phialful, yet we take no pains to 
have these same ingredients *^ well mingled^^ in the furnace I 

In the ^'Experimental Besearches on the Difiusion of 
Gases," by Mr. Graham, we have abundant proof of the abso- 
lute necessity for giving time. In one case, he observes, ** the 
receiver was filled with 76 volumes of hydrogen, and 75 of 
olefiant gas, agitated and allowed to stand over water for twenty- 
fimr hoursj that the mixture might be as perfect as possible.*^ In 
general, he allowed four hours to elapse before he considered the 
gases adequately mixed. 

Professor Daniell finds, that even in laboratory experiments, 
it is essential to give an excess of oxygen to secure an adequate 
portion reaching each atom of the gas to be consumed, no more, 
however, being consumed than its due equivalent of oxygen.* 

* ** In the process which has been described for collecting the products of 
the detonation of hydrogen, and oxygen it is necessary tliat they be mixed 
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But tbe observations of Professor Faraday should satisfy us at 
once on the question of ttmey and justifies the attributing so much 
importance to this hitherto neglected feature in the process of 
combustion on the large scale. In his '^ Chemical Manipula-' 
tions," p. 360, he says, " It will be proper to observe, that, al- 
though in making mixtures of gases, they will become uniform 
without agitation, if sufficient time he allowed^ the period required 
will be very lonff, extending even to hours, in narrow vessels* 
If hydrogen be thrown up into a mde jar full of oxygen, so as 
to fill it, and no further agitation given, the mixture, after the 
lapse of several minutes^ will still be of different composition above 
and below." Here are several mintdes proved to be necessary 
in efiTecting adequate mixture in a jar full of the gases, whereas 
we cannot afford even several seconds for the mixing of a furnace 
fuU. 

Now this brings us to the conclusion, that, as we daxinot force 
the gas and air to mingle with sufiScient rapidity, under the 
ordinary circumstances of the furnace, our views should be di- 
rected to the effecting such modifications of that furnace as will 
aid nature in those arrangements which are essential to combus^ 
tion, rather than in obstructing them. 

Having consulted Professor Daniell on this subject, his 
opinion, here given, is of importance. 

OPINION. 

** King's College, 8th August, 1840. 

*^ There can be no doubt, that the affinity of hydrogen for 
oxygen under most circumstances is stronger than that of car- 
bon. If a mixture of two parts of hydrogen and one of carbonic 
acid be passed through a red-hot tube, water is formed, a por- 
tion of cliarcoal is thrown down, and carbonic oxide passes over 
with the excess of hydrogen. 

very accuratehfj in the proportion of two of hydrogen to one of oxygen. In 
these proportions they enter into combination, and in none other ; and if either 
were in excess, the surplus would be left after detonation." — DanieWs Intro^ 
ductUm to Chemical Philosophy J" 
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*' With regard to the different forms of hydro-carbon, it is 
well known, that the whole of the carbon is never combined 
with oxygen in the processes of detonation or silent combustion, 
unless a large excess of oxygen he present. 

** For the complete combustion of defiant gas, it is necessary 
to mix the gas with^t;^ times its volume of oxygen, though tliree 
only are consumed. If less be used, part of the carbon escapes 
combination, and is deposited as a black powder. Even sub- 
carburetted hydrogen it is necessary to mix with more than 
twice its bulk of oxygen, or the same precipitation wiU occur. 

''It is clear, therefore, that the whole of the hydrogen 
of any of these compounds of carbon may be combined with 
oxygen, while a part of their carbon may escape combustion, 
and that even when enough of oxygen is present for its 
saturation. 

'' That which takes place when the mixture is designedly 
made in the most perfect manner must, undoubtedly, arise in 
the common processes of combustion, where the mixture is for- 
tuitous and much less intimate. Any method of ensuring the 
complete combustion of fuel, consisting partly of the volatile 
hydro-carbons, must be founded upon the principle of producing 
an intimate mixture with them of atmospheric air^ in excess, in that 
part of the furnace to which they naturally rise. In the com- 
mon construction of furnaces this is scarcely possible, as the 
oxygen of the air, which passes through the fire bars, is mostly 
expended upon the solid part of the ignited fuel with which it first 
comes in contact. 

^'J.F. DANIELL. 

«To C. W. Williams, Esq., &o. &c" 



CHAPTER VIL 



OP THE CONDITIONS ON WHICH THE INCORPORATION 
OP THE GAS AND AIR ARE EPPEOTED PREPARA- 
TORY TO COMBUSTION. 

Pbofessob Daniell^ in the opinioai just quoted, states the 
true principle on which any imj»:oyement in our furnaces for 
ensuring the complete combustion of bituminous coal must be 
founded, namely, the producing an intimate previous mixture 
between the gaseous portion and atmospheric air. 

On this head we find many convincing illustrations of what 
nature requires, and what a judicious mode of bringing air to 
the gas can effect, in the common candle, and in the Argand 
lamp, that I propose examining these two exemplifications of 
gaseous combinations and combustion, in the manner adopted 
by the beat British and continental chemists. 

Mr. Brande observes, " In a common candle, the tallow is 
drawn into the wick by capillary attraction, and there con- 
verted into vapour, which ascends in the form of a conical co^ 
lumn, and has its temperature sufficiently elevated to cause it 
to combine with the oxygen of the surrounding atmosphere, 
with a temperature equivalent to a white heat. But this com- 
bustion is mperjkial only, the flame being a thin film of white 
hot vapour, enclosing an interior portion, which cannot bum far 
want of oxygen. It is in consequence of this structure of the 
flame that we so materially increase its heat, by propelling a cur- 
rent of air through it by the blow -pipe J^ 

Dr. Reid observes, ** The flame of a candle is produced by 
the gas formed around the wick acting upon the oxygen of the 
air: the flame is solely at the exterior portion of the ascending gas. 
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All mthout is merely heated air, or the products of combustion ; 
all within is unconsttmed gas^ rising in its turn to affect (mingle 
with) the oxygen of the air. 

^^ If a glass tube be introduced within the flame of a lamp 
or candle, (as represented in Fig. 11,) part of the unconsumed 
gas passes through it, and may be kindled as it escapes." 

Fig. 11. 




Berthier, vol. i., p. 177, observes, "The flame presents four 
distinct parts : namely, first, the base, of a sombre blue : this is 
the gas which bums with difficulty, because it has not yet ac- 
quired a sufficiently high temperature; secondly, an interior 
dark cone : this is combustible gas highly hecUed, btd which does not 
ftwm, became it is not mixed with air ; thirdly, the brilliant conical 
envelope : in this part, combustion takes place with a deposit of 
carbon ; fourthly, a conical envelope, which gives but little light, 
(^ trh peu Immneuse^) surrounding the whole flame, extremely 
thin or attenuated (^ eoctrememmt mince^). Combustion is com- 
plete in this part, and it is at its contact with the luminous en- 
velope that the temperature is the highest." 

Berzelius, vol. viii., p. 151, observes of the flame of a Candle: 
— At its base we perceive a small part of a deep blue colour. 
In the middle is a dark part which contains the gas evolved 
from the wick, but which, not being yet in contact with the air^ cannot 
bum : outside of this is the brilliant part of the flame. We 
also perceive on the confines of this latter, a thin faintly lumi- 
nous envelope, which becomes larger towards the summit of the 
flame. It is there that the flame is hottest. Dr. Thomson, 
in his work on "Heat and Electricity," and Dumas, in his 
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'^ Traits de Chimie appliquee aiix Arts/' give similar illustra* 
tioiis of the combustion of the gas in the flame of a candle. Dr. 
lire obserTCS, '^ Nothing places in a clearer light the heedless- 
ness of mankind to the most instructive lessons than their neg- 
lecting to perceive the difficulty of duly intermingling air with 
inflammable vapours^ for the purpose of their combustion, as 
exhibited in the everyday occurrence of the flame of a tallow 
candle^ or common oil lamp ; for^ though this flame be in con- 
tact^ externally, with a current of air created by itself, yet a 
large portion of the tallow and oil passes oflTunconsumed, with a 
great loss of the light and heat which they are capable of 
producing.'' 

It is here to be remarked, that notwithstanding the attention 
given to the subject by these chemical authorities, they have, 
nevertheless, omitted noticing the presence of the water pro- 
duced by the combustion of the gas, and which wiU, hereafter, be 
shewn to be one of the most important products escaping from 
the Aimace. This will be treated in a separate chapter. 

All these authorities agree in the main facts : firsts that the 
dark specks in the centre of the flame is a body of unconsumed 
gas ready for cambtistian, and only waiting the preparatory step — 
the mixinff -r- the getting into contact with the oxygen of the air : 
secondly, that that portion of the gas in which the due mixing 
has been eflTected, forms but a thin film on the outside of such 
unconsumed gas: thirdly, that the products of combustion form 
the transparent envelope, which may be perceived on close in- 
spection : fourthly, that the collection of gas in the interior of the 
flame cannot bum there for want of oxygen. 

Now these points involve the whole of the case of the furnace: 
— they reveal the difierence between perfect and imperfect 
combustion. The bodies of gas and air have, it is true, free ac- 
cess to each other : yet, time is wa'nting for their due mixture. 
Thus, diffusion and combustion only proceed, pari passu, as the 
constituent atoms of the gas, '' taking their turn^^ are enabled to 
get into contact with their respective equivalent atoms of atmos- 
pheric oxygen. 

I have not hitherto quoted Sir Humphry Davy on this head, 
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for his whole ^^ Researches on Flame " go in corroboration (^ the 
facts here stated^ and the inferences drawn by so many com* 
potent authorities.* 

If, then, the unrestricted access of air to this small flame is 
not able, by the laws of diffusion, to form a due mixture in 
time for ignition^ ^ fortiori ^ it eannot do so when the supply of 
air is restricted and that of the gaa irtcreased. 

Dr. Beid, speaking of the Argaud lanipj Fig, 12, obserree, 
that the inteuBity of the heat in augmented by causing the air 
to enter in the middle of a circular wickj or series of gas^ets^ so 
that more gaa is Gonsofued wUhin a givm space, thau in the 
ordinsj'y manner, 

But why is more gas consumed within this given, space ? 
Solely because more capability for mixture is afforded^ and a 
greater number of accessible points of mntad obtained, ariaing 
out of this series of jets. This may be seen in Fig> 13, where 
the inner surfaces, a a, are shewn in addition to the outer ones h h. 

Fig. 14. 
Pig. 12. 






• "If the aperture," he observes, *^ by which air is admitted 
into the interior of the flame be closed, the flame immediately 
aaaumes the form shewn in Fig. 14 1 part of the supply of air 

* '*Iii looking steodfaBtly at flarae,'' be observes, '*tJ*e i>art where tlie 
combuitible ib yolatilized Is seen, atid it appears darker^ contraBted with the 
part in which it begim to bumj that is, where it is 00 mixed with oir as to 
become ejcplosive*^' ^ 

3 
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being thufi cut off, it extends farther into the air before it meets 
with the oxygen necessary for iti9 GJombustion." 

Here we trace the length of the flame to the diminished rate 
of mixing and combustion, occasioned by the want of adequate 
access, within any given time, between the gas and the air, 
until too fa^e— until the ascending current has carried them ber 
yond the temperature required for chemical action ; the carr 
bonaceous constituent then losing its gaseous character, assuming 
its former colour and state of a black pulverulent body, and 
becoming true smoke. 

In looUng for a remedy for the evils arising out of the hur- 
ried state of things which the interior of a furnace naturally 
presents, and observing the means by which the gas is ef- 
fectually consumed in the Argand bmp, it seemed manifest, 
that, if the gas in the furnace could be presented, by means of 
jets^ to an adequate quantil^ of air, as it is in the lamp, the re^ 
suit would be the same* The difficulty of effecting a similar 
distribution of the gas in the furnace, by means of jets, how- 
ever, seemed insurmountable : one alternative alone remained, 
namely, that, since the gas could not be introduced by jets into 
the body of air, the air might he introduced by Jets into the body of gas. 

This, then, is the means which I adopt, and by which I effect 
a complete combustion of the gases in the furnace, as we do in 
the lamp. Professor Brande has so clearly described the ope- 
ration of the jet that I avail myself of his remarks in elucidation 
of the result produced by a jet of air into a body of gas, and 
the analogy it bears to that of a jet of gas into a body of air.* 

* '* Each jet of air which you admit becomes, as it were, the source or 
centre of a separate flame^ and the efiect is exactly that of so many jets of in- 
flammable or coal-gas ignited in the air ; only, in your furnace, you invert 
this ordinary state of things, and use a jet of air thrown into an atmosphere 
of inflammable gas, thus making an experiment upon a large and practical, 
which I have often made on a small and theoretical, scale, in illustration of 
the inaccuracy of the common terms of * camlnutible' and * supporter of com" 
bustion,' as ordinarily applied. 

<' I fill a bladder with coal-gas, and attach to it a jet, by which I bum a 
flame of that gas in an atmosphere of, or a bell glass filled with, oxygen ; of 
Gourae, the gas bums brilliantly, and we call the gas the combustible, and the 
oxygen the supporter of combustion. If I now invert this common order of 
things, and fill the bladder with oxygen and the bell glass with coal-gas, I 
find, that the jet of oxygen may be inflamed in the atmosphere of coal-gas 
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This process meets the entire difficulties of the ease as to 
timcj current^ temperature^ and quantity. By this means the 
process of diffusion is hastened without the injurious effect of 
cooling : and which always takes place when the lur is intror 
duced by large orifices. 

The difference^ then, between the application of air by means 
of the jdf and that of the ordinary action of the atmosphere, 
consists in the increased surface it presents for mutual contact 
in any given unit of time. Let Fig. 15 represent the section of 
a candle and Fig. 16 that of a difiusion jet In the former, 
the gas in the centre meets the air on the exterior. In the 
latter, the air in the centre issuing into the atmosphere of gas, 
enlarges its own area for contact mechanically, and consequently, 
its increased measure of combustion. 

Rg. 15. Fig. 16. 





with exactly the same general phenomena as when the jet of coal-gas is in- 
flamed in the atmosphere of oxygen. This is precisely your process. You 
admit a number of jets of air into a heated, inflammable atmosphere, and so 
attain its combustion in such a way as to produce a great increase of heat, and, 
as a necessary consequence, destroy the smoke. You, in fact, convert what 
is commonly called smoke into fuel, at the time when and place where this 
combustion can be most effectively brought about'* — Professor Branded s 
Letter to the Author- 



86 

Thus we Bee J that the value o( the Jeif arises from the circum 
stance of its creating,/<)r itself^ a larger surface for contact^ by 
which a greater number of elementary atoms of the combustible 
and the supporter, gain access to each other in any given time. 

Turn the matter, then, as we may, the question of perfect 
or imperfect combustion, as far as human means are to be 
applied, is one regarding the atV, rather than the combustible — '• 
the mo€k in which it may be introduced, rather than the 
quantities supplied — ^the contact of atoms rather than of masses. 

Before concluding this notice on the mode of effecting the 
combustion^ of the inflammable gases, it will be right to say a 
few words on some of those recommended by others ; namely; 
euch as are founded on the erroneous idea, which appears to 
have laid hold of the minds of so many inventors of late years, 
that the gases are consumable by being brought into contact 
with a body of *^ ghwing incandescent fwiP This will be 
inquired into more in detail when we come to examine the 
various plans of '^ smoke-burning" furnaces and boilers. I am 
here only desirous of checking that misapplication of talent and 
means which the adoption of this fimdamental chenucal error 
induces, and giving them a more correct and useful direction. 

This erroneous notion of the supposed combustion of the 
gases^ (or smoke,) by bringing them into contact with a mass of 
** glowing coals," appears to have originated with Watt ; and, 
having been adopted by Tredgold and others, has since passed 
into a recognised principle. It appears strange, that, while so 
many have taken this as their text, or adopted it as their start- 
ing-point, none of these inventors have examined, or even 
doubted, its correctness. Yet any chemical work of authority 
would have informed them of the well-established fact, that 
decomposition, not combustion, is the result of a high tempera- 
ture applied to the hydro-carbon gases — that no possible degree 
of heat can consume carbon — and that its combustion is merely 
produced by, and is, in fact, its uniofa with, oxygen, which 
latter, however, they take little care to provide. 

It is the palpable oversight of tins distinction that has led to 
that manifest chemical blunder, — the supposing that the coal- 
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gas in a furnace is to be burned by the act of bringing it into 
contact with bodies at a high temperature ; or^ in the words of 
the patentees, by '* causing it to pass throughy overy or among a 
body of hot, glowing coals." Indeed, these words of Watt, 
"through, over, or among," have led more men astray, and 
have occasioned more waste of money, loss of time, and misappli* 
cation of talent than almost any other false light of the day. 

But, I have said, this erroneous view of the combustion of 
the gases began with Watt, His patent of 1785 fully justifies 
this assertion.* In his specification, after reiterating the 
injunction, that " the smoke or flame is to pass over or through 
the coked or charred part of the fiiel," he sums up in these 
words: "Lastly, my invention consists in the method of 
consuming the smoke and increasing the heat by causing the smoke 
and flame of fresh fuel to pass through very hot funneb or pipes, 
or among, * through^ or near fuel which is intensely hotj and which 
has ceased to smoke ;^^ and then follows that part of his instruc- 
tions which his successors have so strangely neglected, ^'and by 
mixing it wUh fresh air, when in these circumstances." 

It is clear. Watt had a right conception of the necessity for 
mixing air with the gas. His error lay in the extent to 
which he considered the application of heat essential to its 

* Watt's patent, of 1786, (see Repertory of Arts, voL iv.,^p, 226,) consists 
^ in causing the smoke or flame of the ii^h fuel to pass, together with a 
current of fresh air, through, over, or among fuel which has ceased to smoke, 
or which is converted into coke, charcoal, or cinders, and which is intensely 
hot, by which the smoke or grosser parts of the flame, by coming close into 
contact with, or by being brought near unto, the said intensely hot fuel, and 
by being mixed witk the cun^nt of fresh or unburnt air, are consumed or 
converted into heat, os into pure flame, free from smoke.. I put this in practice 
by constructing the fire-place in such a manner that the flame and the air 
which animates the fire must pass downwards, or laterally, or horizontally 
through the hummgfuelf In some oases, after the flame has passed through 
the burning friel, I cause it to pass through a very hot funnel, flue, or oven 
before it comes to the bottom of tile boiler, by which means the smoke is still 
more effectually consumed,*^ Neglecting the sound, and adopting the un- 
sound, part of Watt's specification, several patents have, of late years, been 
taken out in the very words of the above. In one of these, by means of 
double furnaces, one above the other,, the gas generated in the upper one is 
actually forced or drawn down by artificial currents tlirough the ignited fuel 
in the lower one. 
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combustion. His followers and commentators have neglected 
that part of his instructions in which he was right — ^the " mix- 
ing with fresh air;" and have fixed their minds on that in 
which he was wrong — ^the bringing the gas or smoke ^^throughj 
over^ or among intensely hot fuel." So much^ indeed, was Watt 
impressed with the importance of intense heat, that he actually 
provides both for the *^ fresh air^ and the gas passing through 
the hot fuel on the bars; overlooking the facts, that, in that 
event, the air would no longer remain pure ; and that no heat 
to which he could introduce the air or smoke could equal that 
created in the furnace by the very act of union between the 
air and the gas ; but which he erroneously imagines can be 
aided by the heat of the '^ charred part of the fuel." 

Thus, we seis the very words of Watt, where he was in 
error, have been adopted to express the main, and, in many 
instances, the only, feature of these smoke-burning patents ; 
while the judidous part of his instructions has been unac- 
countably omitted. 

I need only say, chemistry has since taught, that the whole 
process is injurious ; and that, if the introduction of the air be 
properly managed, the necessary heat for effecting combustion 
will never be wanting in the Aimace. 

The mere enunciation, then, of a plan for *^ consuming smok^^ 
is prima facie evidence, that the inventor has not sufficiently 
considered the subject in its chemical relations. Chemists csin 
understand a plan for the prevention of smoke, but as to its 
combustion^ it is so imscientific, not to say impossible, that such 
phraseology should be avoided. The popular and conventional 
phrase, ** a furnace burning its own smoke," may be allowed 
as conveying an intelligible meaning; but, in a scientific 
work, or from one professing to teach those who cannot dis- 
tinguish for themselves, and who may thus be led into error, it 
is wholly objectionable. 



SECOND PAJil\ 

CHAPTER I. 



OF THE PRINCIPLES ON WHICH BOILEES AND THEIU 
FURNACES HAVE HITHERTO BEEN OONSTRUCTED. 

Having, in the preceding f^jrt of tliia Treatii^ej exajaiined the 
subject in reference to its cftemical relations, we have now, in 
this second part, to consider its application practically^ in the 
construction of ateam-boilera and their furnaces* 

It will not be disputed, tliat before we are in a position to 
decide on the necessary proportions of any vessel j we should 
first understand the purposes to which it is destined- Hitherto, 
although the combustion of bituminoua coal ia admitted to be 
of the most complex character, nevertheleaa, in apportioning 
the several parts of furnaces in which those operations are to be 
conducted J the slide-ruie has too often been allowed to superaede 
the rule of chemical equivalents. 

Until the appearance of the first part of this TreatieCj in 
1 84 1, there was no published work in which the combustion of 
coal, on the scale of the furnace j was treated with reference to 
its division into the gaseous and solid states, and the requirements 
peculiar to each. The only consideration appeared to be, the 
giving the coal *' a free supplj^ of atmospheric air/^ Watt, and 
others since his time, have acknowledged the pnictical difficulty 
of so introducing the air as to eflPect perfect combustion ; still, 
no consideration has been given to the necessity of providing 
separate supplies to the constituents of the coal, in their separate 
atatea. In laboratory practice (by which wc must submit to be 
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instructed) nothing would be considered more anomalous, or 
even absurd, than dealing with any bodies in nature without 
giving attention to the nature of their constituent parts respec- 
tively ; nevertheless, we have patentees affecting to economise 
fuel, and produce its perfect combustion, yet giving their atten- 
tion, exclusively, to the several parts of the boiler in their mere 
mechanical proportions. Mechanical details, however, must yield 
to those of chemistry. 

While the enlightened mind of Watt was directed to the 
employment of Steam as a mechanical agent, in the develop- 
ment of power, we see him also studying the phenomena of 
nature in the generation and application of heat, concurrently 
with those mechanical arrangements, by which it was to be 
made practically available. Instead of limiting his views to 
mere proportions, he regarded them only as they were— sub- 
servient to scientific considerations. He went elaborately into 
all that belonged to the character and constituents of solid, fluid, 
and gaseous matter, as far as the very limited chemical know^ 
ledge of the time admitted ; and it was in tiie course of these 
scientific researches that he became the true discoverer of the 
constituents of water. He examined the laws which governed 
its temperature and volume ; its expansive force as steam ; and 
the measure of that heat which was again to be surrendered 
under the process of condensation. In every thing we find his 
comprehensive mind keeping scientific inquiries, and mechanical 
appliances in view. Here, then, we have a sound and practical 
course suggested, and under which alone we may hope to bring 
our labours to a successful issue. 

The inquiry before us cannot be confined to a mere comparison 
of the several descriptions of boilers, mechanically considered. 
The merits on which, respectively, they rest their claims, must 
be examined with reference to other data, viz., theii* relation to 
the perfect combustion of the fuel employed — the generating 
the largest measure of heat — and so applying it as to produce 
the largest volume of steam. Apart from these considerations, 
indeed, there is little scope for inquiry. All boilers have their 
furnaces and grate-bars, on which the fuel is placed ; their flues, 
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or tubes thi^mgh which the flame or gaseous products hiave to 
pass ; and the chimney by which those products are to be carried 
away^ and the necessary draught obtained. 

Hitherto^ those who have made boiler-making a separate 
branch of manufacture^ have given too muebi attention to mere 
relative proportions. One class place reliance on enlarged grate 
surface; another, on large absorbing surfaces; wlule a third 
demand, as the grand panacea, '* boiler roam enough^ witiiout, 
however, explaining what that means. Among modem treatises 
on Boilers, this principle otroom enough, seems to have absorbed 
all other considerations, and the requisites, in general terms, are 
thus summed up : 

1st. Suffident amount of internd healing surface ; 
• 2nd. Sufficiently roomy furnace ; 

3rd. Sufficient air-space between the bars ; 

4tb. Suffident area in the tubes or flues ; and 

5th. Sufficiently large fire-bar sur&ce. 

In simpler terms, these amount to the truism — give sufficient 
size to all the parts, and thus avoid being defident in any. 

So gravely is this question of relative proportions insisted on, 
that we find many treatises on the use of Coal, and the construc- 
tion of Boilers, laying down rules with mathematical precision, 
^ving precise formulas for their calculations ; and even affiscting 
to determine the working power of a steam-engine, by a mere 
reference to the size of the fire-grate, and the internal areas 
and surfaces of the boiler. Yet, duriug this apparent search 
after certainty, omitting all inquiry respecting the processes or 
operations to be carried on within them. 

Among those in which the subject has been treated in the 
most detailed manner, it wiU be sufficient to refer to the work 
of Dr. Lardner, whose illustrations, as a popidar writer, have 
peculiar merit ; and whose statements may be considered as » 
summary of the practice which generally prevails. In his work 
on ** The Steam-Engine," while commenting on '* the want of 
general principles'^ he falls, unconsciously, into neglect of the 
very prindples on which alone the inquiry should be based. 
Calling them principles^ he lays down a series of rules, or dato, 
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which' refer, exclusivelyj to mechanical proportions; bat which 
furnish no guide to the involTed operations to be effected by 
their means. EQs rules for the construction of Boilers are thus 
dogmatically laid down. 

For every cubic foot of water to be evaporated per hour, allow — 
one square-foot of grate-bar ; one square-yard of heating sur- 
face; ten cubic feet of water- space ; five square-feet of water- 
surface ; ten cubic feet of steam-space. 

Here, we have all the proportions laid down and squared, 
according to rule, as if it were the orders of architecture, or the 
proportions of a building that were under consideration, rather 
than of vessels, in which complicated chemical processes were 
to be conducted. These rules, however, will not teach us how 
best to effect the combustion of any given weight of fuel, or. 
increase the generation, transmission, or absorption, of any given 
quantity of heat. We have here laid down, secwndvm artem, a 
scale of internal proportions, but no clue to that of the heat 
generative effect of a square-foot of grate-bar, or the heat 
transmitting power of a square-yard on internal surface. 

It may, indeed, be asked, what relation a square-foot of grate- 
bar can have to a cubic-foot of water; or to any given weight 
of fuel? We know that under different circumstances, treble^ 
or quadruple the amount of these proportions may be bene- 
ficially, or injuriously, found in practice ; and that even double 
the weight of fuel may be more advantageously consumed, on a 
given area of grate-bars, in one clasa of boilers than could be 
effected in another. 

In truth, the weight of fuel to be consiuned has no legitimate 
relation to the q)ace on which it may be laid, and depends on 
other considerations, viz., on the quantity of air passing through 
it, the time employed, and the weight of oxygen taken .up by 
the several constituents of the fuel respectively. 

Again, it may be asked, what relation a square-yard of heat- 
ing surface has to the transmission of any given quantity of 
heat, or the generation of any given quantity of steam ? 

It is strange that so astute an observer (for Dr. Lardner does 
not affect to be an authority), should have omitted all reference 
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to those processes and tests, bj which alone a correct estimate 
tovM be made of the effective yalue^ chemically or commercially, 
of any one of the proportions he has given ; or the relation 
they bear to the functions of the furnaces or flues of a boiler. 
He has given no clue to the temperature produced in any part ; 
yet temperature is the very element and measure of efliciency. 
His calculations, in fact, have no value except in the assumed, 
but utterly erroneous data, that each squares-foot of bar-surface 
was equivalent to the perfect combustion of a given weight of 
fuel, and the generation of a given quantity of heat in a given 
time ; and that every square-yard of internal surface must, 
necessarily, be brought into action, and received as equivalent 
to the transmission of a given quantity of heat. He has also 
omitted reference to the influence which internal areas have on 
the circulation of the water, and the relative volumes of air to 
be supplied, or of gas generated, consumed, or wasted. Now 
the magnitudes and quantities which here really require to be 
calculated are chemical^ not mathematiceU* They are not those of 
flue-surfaces, or grate-bars, but of the bodies to be introduced 
to them, the quantities in which they respectively combine, and 
the heat evolved, applied, or lost. If these quantities can be 
expressed in the terms of an equation, let it be given. Let the 
attempt be made. It cannot fail of being useful, at least in one 
respect. It will enable the boiler-maker to appreciate the 
small degree of confidence to which these theories are entitled. 
In a modem treatise on the construction and proportions of 
steam-boilers, we find the slide-rule endowed with extraordinary 
properties. In illustration of the utter inapplicability of such 
a mode of proceeding, let us but imagine Professors Brande or 
Faraday desirous of producing, on a large scale, carbonic acid 
and water. What would be their reply, if advised, that a 
practical boiler-maker was the person best qualified «to instruct 
them as to the relative areas and proportions of the vessels to 
be employed, and that the slide-rule would save them much 
trouble, inasmuch as it would supply the true principle which 
should govern those proportions? Yet these processes are 
identically those which are carried on by the combustion of 
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coal in our furnaces* When, therefore, we see the attention of 
the practical boiler-maker thus directed to mere mechanical 
data, can we be surprised that the chemistry of combustion has 
been virtually ignored, and made to give way to calculations 
drawn from the sUde-ndey^ as here exemplified. 

Setting aside these puerilities, the inquiry must be directed 
not to the several parts of a Boiler, but to the purposes and 
functions for which each part is to be constructed. Investigations 
conducted in this spirit, and with the aid which the eye, the 
pyrometer, and the thermometer supply, would soon indicate, not 
only what should be done, but what should be avoided ; and 
shew that what was well adapted to one dass of boilers or 
furnaces, or one description of* fuel, might chemically, prac- 
tically, and economically, be the reverse as regarded other 
classes. 

* ** Let s =: the effective heating surface in square yards. 
F = the area of the fire grate in square feet 
p = the horse power of the boiler. 
^* Then, using the inverted sKde-nUe, or camnum ride with the tHide reversed^ 
it must be set as follows : — • 

A I Horse Power «= p | Fire grate in sq. feet = f 

a I Horse Power = p | Hea,tuig surface in square yards = a 
^' Suppose, for example, that we have 16 square yards of effective heating 
surface in a boiler, with a fire-grate of 26 square feet, and we wish to know 
the most suitable rate to work the boiler at. Then place s == 16 on o, against 
F = 25 on A, and looking to the left hand, the first two divisionB of the same 
value that coincide with each other (which are those of 20) represent the 
horse power, as in the example below. 

Afp=20|F=26sq. feet. 
o I p =^ 20 I s = 16 sq. yards. 
<' Again, suppose that a boiler is intended to drive a 30-horse engine, but it 
has only 25 square yards of surfttce, and the area of the fire-grate is required. 
Then place 30 = the horse power on o, against the same number on a, and 
looking to the right hand, you will find, against 25 yards of surface on c, the 
answer to be nearly 36 square feet upon a for the area of the fire-grate ; and 
in like manner against any number expressing the square yards of effective 
heating surfii^ on o, you will find the number of square feet of fire-grate most 
suitable for the given power upon a. In short, the inverted line o represents 
a table of dO-horse boilers with various quantities of surface, and the line A 
represents a table of areas of fire-grates corresponding to those surfaces. 
A I 30 I Fire-grates 31 34 36 39 
o I 30 I Surfaces 29 26^ 25 23." 



CHAPTER 11. 



OP THE FURNACE, AND THE RELATION WHICH ITS 
SEVERAL PARTS BEAR TO THE OPERATIONS CAR- 
RIED ON WITHIN IT. 

In considering the furnace and its appendages, it will be 
necessary to distinguish the functions of each part separately, 
to avoid attaching duties, or attributing failure, to any one of 
them, for which another should be accountable. 

In the combustion of bituminous coal we have seen there are 
two distinct bodies to be dealt with, the one a solidy the other a 
gaseous body, — ^these necessarily requiring distinct processes. 

On a charge of coal being thrown into a furnace, the heat by 
which the distillatory, or gas-generating process is effected, is 
derived from the remaining portion of the previous charge^ then in 
an incandescent state on the bars. This process corresponds 
with what takes place in the gas works, where the coal inside 
the retorts is acted on by the incandescent fuel outside of them. 
This denumd for heat in the furnace is, however, confined to 
the commencement of the operation with each charge. The 
heat required for continued gasifaction is, or ought to be, ob- 
tained clnefly from the flame itself; as in the case of a candle, 
where the gasifaction of the tallow in the wick is derived from 
the heat of its own flame. This operation shews the importance 
of sustaining a sufficient body of incandescent fuel on the bars; 
and in particular, when a fresh charge is about to be thrown in. 
Allowing the fire to run too low, before a fresh charge, must 
be attended with the same injurious effects as allowing the 
heat which surrounds the retorts to fall below what would be 
required for the continuous and uninterrupted generation of 
gas after they are recharged; — namely, loss of time and duty; 
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the object being, in both cases, to obtain the greatest quantity 
of gas from a given weight of coal, in a given time* 

With reference to the proportions of the several parts of a 
furnace, we have two points requiring attention; first, the 
superficial area of theffraie, for the retaining the solid fuel or coke ; 
and, second, the sectional area of the chamber above the fud^ for 
receiving the gaseous portion of the coal. 

Ajs to the area of the grate-bars, seeing that it is a solid body, 
that is to be laid on them, requiring no more space than it ac- 
tually covers at a given depth, it is alone important that it be 
not too large. On the other hand, as to the area of the chamber 
above the coal, seeing that it is to be occupied by a gaseous 
iody, requiring room for its rapidly enlarging volume, it is im- 
portant that it be not too smaU. With reference to the areas of 
the other parts of the boiler, it is manifestly impossible, d priori, 
or with any pretensions to correctness, to lay down specific 
rules, unce the weight of fuel that may be placed, or consumed, 
on any square foot of such suriace, must depend on numerous 
other contingencies. Indeed, to lay down any inflexible rule of 
proportions would be as inappropriate as to impose on the che- 
mist certain mathematical formulae for the shapes or capacities 
of the vessels employed in the laboratory. So soon as all that 
belongs to the introduction of air to the two distinct bodies to be 
consumed, (the gas and the coke,) shall have become system- 
atized in practice, the supposed difficulties in the apportioning 
of sizes and areas will vanish, and the effecting perfect combus- 
tion in the furnace, will become as much a matter of course* as 
it now is in our gas burners. So long, however^ as b^inning 
at the wrong end of the question, we attempt determining the 
proportions of the several parts of the vessels to be employed^ 
btfore we have considered what is to be done within them, we must 
continue in our present state of uncertainty. 

As to the best proportion for the grate, this will be the 
easiest of adjustment, as a little observation will soon enable 
the engineer to determine the extent to which he may increase, 
or diminish, the length of the furnace. In this respect the great 
desideratum consists in confining that length within such limits 
that it shall, at all times, be well and uniformly covered. This is 
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the ahsolute condition, and sine qua non of economy and efficiency i. 
yet it is the very condition which, in practice, is the most neg» 
lected. Indeed, the failure and uncertainty which has fittended 
many anxiously conducted experiments has most frequently 
arisen from the neglect of this one condition. 

If the grate-bars be not equally and well covered, the air 
will enter in irregular and rapid streams or masses, through the 
uncovered parts, and at the very time when it should be fhere 
most restricted. Such a state of things at once bids defiance 
to all regulation or control. Now^ on the control of the supply 
of air depends ail that human skill can do in effecting perfect com- 
bustion and economy; and until the supply of fuel and the quan* 
tity on the bars be regulated, it will be impossible to control 
the admission of the air.* 

On this head, it is of every-day occurrence that complaints 
are made of the introduction of the air being attended with 
decreased evaporation, or increased consumption of fuel* The 
complainants, however, should understand that they are them- 
selves the direct cause of these effects, and by mere inattention 
to the state of the furnaces* They overlook the fact, that while 
they are complaining of the effects produced by the introduction 
of certain limited quantities of air in the right place, they allow 
their firemen to leave much of the furnace grate uncovered \ 
thus affording the shortest and hottest possible route for the 
introduction, perhaps, of double the volume that could possibly 
be required. So, if an engineer undertake to irrigate a piece 
of land, and after having given much consideration to his levels, 
and the area of his sluices, he finds that the owner had allowed 
his labourers to introduce such an eoccess of water in some other 
quarter as to mar the whole process, with what justice would 
he complain that harm, instead of good, had been effected ? 

Of the great waste of heat and the consequent reduction of 
temperature in the flues, arising from the single circumstance of 
allowing the incandescent fuel, towards the end of the charge, 

* This necessarily suggests the importance of feeding the furnace by 
mechamcal means. Here, then, is a legitimate direction for the ingenuity of 
patentees. The principles on which a mechanical feeder should be based will 
be hereafter considered. 
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to run too hw, or be irregularly distributed^ the experiment of 
Mr. Houldsworth, as shewn in the annexed diagram (page 49,) 
is highly instructive^ and merits the most attentive considera- 
tion* This experiment was made expressly for the British 
Association assembled at Manchester, in 1842. 

By this diagram it will be seen, that on a charge of 3 cWt of 
coal being thrown on the furnace, the temperature in the flue 
(as indicf^ed by the pyrometer) rose, in 25 minutes, from 750^ 
to 1220^ when it began to fall, and descended to KHO""^ the 
fuel not having been disturbed during 75 minutes. At this stage^ 
however, a remarkable change took place. Perceiving the tem- 
perature in the flue to have become so low, Mr. Houldsworth 
had '' the fuel leveOed^^ that is, had it more equally distributed, 
and the vacant spaces covered. The effect was (as shewn in 
the diagram) the sudden rise in the temperature from 1040° \o 
1150°, at which it continued during 10 minutes, when it 
gradually fell to 850°. 

The upper line of the diagram represents range of temperature, 
air being admitted, on Mr. Williams' plan, behind the bridge. 

The lower line of the same represents range of temperature, 
air being included, common plan. 

Two important questions are here raised, viz. — why did the 
temperature in the flue faU, after 25 minutes, from 1220° to 
1040°? and why did it suddenly rise to 1150°?— wo^Ww^f whatever 
having been done, with the exception of this one mmement — the having 
^' the fuel levelkd.^^ This movement, however, is the key to the 
whole, — an increase of temperature of no less than 110° being 
thus obtained in the short space of 2^ minutes, — not by any 
addition of fuel, or mere rapid combustion, but merely as 
the result of having " tfie fud levelled.^^ The cause of these 
remarkable alterations of temperature then were, first, the 
admission of an excess of air in irregular and uncontrolled quantities 
through the uncovered portion of the bars ; — and. second, the mere 
check put to that evil, by their being more equally covered 
with the fuel.* 

* As the use of the pyrometer is of the highest importance, not merely for 
fexperimental purposes but for all boilers, and for general use, whenever it 
can be introduced, the simple but valuable instrument which is used by Mr. 
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Air excluded : 

State of the 
Flues. 

Very black, \ 
Much smoke / 

Ditto . . . 

Ditto . . . 

Ditto . . . 

Ditto . . . 

Dark Bed . 

Dingy Bed . 
Ditto, no flame 

Ditto . . . 
Dark Bed 

Dark . . . 

Dark . . . 

Dark . . . 

Dark . . • 

Dark . . . 

Dark Bed . 

Dark . . . 

Ditto . . . 

Ditto . . . 

Ditto . . . 



Scale of Temperature in the Flues 
in Degrees of Fahrenheit. 
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State of the 
Flues. 



{Clear flame, ) 
14 feet long. / 



8 1 
8-" 


Ditto, 16 ft. long. 


g 


Ditto, 16 feet. 


g 


Ditto, 15 feet. 


S 


Ditto, 14 feet. 


& 


Ditto, 13 feet. 



s 
8; 



g Ditto, 13 feet. 



IMtto, 16 feet. 



s 






K 

If 



1 Purple flame, \ 
from carbonic I 
oxide. ) 



*vn\d pio no *nvia Msa ao 



50 

It is here to be observed that when a charge is nearly 
exhausted, or begins to bum in hoUsy the evil increases itself by 
the accelerated rapidity with which the air enlarges the orifices 

Houldsworihy and by which he obtained the above results, is here given from 
an interesting paper on *^The Consumption of Fuel and the Prevention of 
Smoke," read before the British Association by William Fairbum, Esq., G.E., 
F.R.S. 

^< For these experiments we are indebted to Mr. Henry Honldsworth, of 
Manchester ; and, having been present at several of the experiments, I can 
vouch for the accuracy with which they were conducted, and for the very 
satisfactory and important results deduced therefrom. 

^' In giving an account of Mr. Houldsworth's experiments, it will be neces- 
sary to describe the instrument by which they were made, and also to shew the 
methods adopted for indicating the temperature, and the changes which take 
place in the surrounding flues. 

** The apparatus consists of a simple p3n*ometer, with a small bar of copper 
or iron (a in the following sketch) fixed at the extreme end of the boiler, and 
projecting through the brick-work in front, where it is jointed to the arm of 
an index lever b, to which it gives motion when it expands or contracts by 
the heat of the flue. 

Pybometrb. 

Fig. 18. 




'< The instrument being thus prepared, and the bar supported by iron pegs 
driven into the side walls of the flue, the lever (which is kept tight upon the 
bar at the point e by means of a small weight over the pulley at d) is attached, 
and motion ensues. The long arm of the lever at d gives motion to the 
sliding rod and pencil^ and by thus pressing on the periphery of a slowly 
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it has thud made for its own admission, causing a still more 
rapid combustion of tlie fuel around the uncovered parts, and 
at the very time when these orifices ahould have been closed. 

rcTOlTiug ey Under, a line ib inscribed coireapDndiDg with the meftsnrementE of 

the long arm of the lever, and indicating the variable degrees of temperature 
by the expansion and contraction of the bar. Upon the cylinder is fixed a 
sheet of papeTj on wbich a daily record of the temperature becomea in scribed 
end on which are exhibited the change as well as the intensity of heat in tfie 
flues at every moment of time. In uaing this in&trament it has been usual to 
fix it at the medium temperature of 1000^, which, it will be obserTed, is an 
assumed degree of the intensity of heat, but a sufficiently near approximation 
to the actual temperature for the purpose of ascertaining tlie variaiions whwk 
take place in all the different stages ofcombugtion consequent upon the acts qf 
charging J stirring ^ and raking thejires.^' 

Mr» Fairbum then gives two interesting diagrama exemplifying the result 
of experiments made by the aid of the pyrometeTj and oontiuues— 

" On a careful examination of the diagramSj it will be found that the first 
was traced without any admixture of oirj except that taken through the grate^ 
bars ; the other was inscribed with an opening for the admission of air through 
B diffusing plate behind the bridge, as recommended by Mr. C. W. Williaiua, 
The latter, No. II,, presents very different figures : the majtimura and mini- 
mum points of temperature being much wider ai>art in the one than the other, 
as also the fluctuations which indicate a much higher temperature, reaching 
SB high as 1400^, and seldom defending lower than 1000°^ giving the mean 
of llfiO". 

"Now, on comparing No, IL with No. L, where no air is admitted, it will 
be found that the whole of the tracings exhibit a descending temperature, 
seldom rising above 1100"^ and often dtsceuding below DOO^, the mean of 
which ts 975°, This depression indicates a defective state in the process, and 
although a greater quantity of coal was consumed, (2000 lbs. in 396 minutes 
in the No, II. experiment, and 1840 lbs, in 406 minutes in No. L,) yet the 
disparity is too great when tlje difference of temperature and loss of heat are 
taken into consideration. As a further proof of the imperfections of No. I, 
diagram, it is only necessary to compare the quantities of water evaporated in 
each in order to ascertain the difference, where in Nop I. experiment 5.05 lbs. 
of water are evaporated to the pound of coalj and in No. IL one-half more, 
or 7,7 lbs. is the result, 

'^ Mr. II on Ids worth estimates the advantages gained by the admission of 
air (when properly regulated) at 35 per cent., and when passed through a 
fixed aperture of 43 square inches, at 34 per cent. This b a near approxima- 
tion to the mean of ff ve experiments, which, according to the preceding table, 
gives 33^ per cent., which prohably approaches as near the maximum as can 
be expected under all the changes and vicissitudes which take place in general 
practice." 

Here are practical results from unexceptionable quarters, and although 
they have been so many years before the public, nevertheless, smoke burning 
obs/!]Tations and hot air fallacies continue to be listened to^ and dearly 
paid for. 
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Had it been possible, in Mr. Houldsworth's experiment, to 
have preserved the fuel continuously^ and uniformly spread, 
throughout the charge of 100 minutes, the diagram would have 
indicated a more uniform line of temperature, as marked by the 
dotted line, and, consequently, have produced a higher average 
range of heat in the flue. 

M. Pedet,* in his elaborate work appears to have given much 
attention to the necessity of having the fuel on the bars at all 
times, in the most uniform state, and thus avoiding any irregu- 
lar or excessive local admission of air. 

With reference to the rate of combustion, and the weight of 
fuel to be laid on each square foot of bar-surface, this continues 
to be a debated point. Mr. Craddock, in a late publication {On 
the Chemistry of the Steam Engine^ practically considered^ ob- 
serves : — " There would be no great difference in the steam- 
generating efficiency of a large grate-surface and a slow 
draught, or a small grate-surface and a very quick draught ; 
as in our present locomotives." 

No correct inference, however, can be drawn from this state- 
ment, as he has omitted to explain what is meant by the term 
** efficiency. ^^ Whether it has reference to the fvd employed, 
or the time employed : — ^to the weight of water evaporated by a 
^ven weight of fuel, or the time occupied in producing that ef- 
fect. Slow combustion will be most economical as regards the 
fuel employed, as in the Cornish boilers ; while quick combustion 

« ^^ To produce a good and useful effect, furnaces should, at all times, burn 
the same quantity of iuel, since the variations in the consumption, caused by 
the use of dampers, which cannot be made to follow the variations in the 
thickness of the bed of fuel, always cause the passage of a large volume of 
air that would be unnecessary for combustion." 

Again he observes, — '^ I am convinced, that in a great number of steam- 
boilers, more than a third of the heat is lost, principally by the introduction 
of too great an excess of air. It is evident, that to this circumstance may be 
attributed the singular iact observed by many Engineers, — that in certain 
descriptions of boilers, the effect produced by the surfoces which are heated 
by contact with the burnt air, (as in the tubes) is but one-third part of that 
produced by those sur&ces which are heated by radiation^ as in the fire-box 
or furnace."— jTrmY^ de la Chaleur, considerSe dans ses AppUcations, par 
E. PSclet, Inspecteur General de rUmversitS^ appUquie aux Arts it 
VEcole Centrales Sfc, Paris. 
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will be most so as regards the time employed, as in the loco- 
motive and marine boiler. As the weight of the water evaporated 
is in the one case over-rated^ so the time employed b mder-rated 
in the other. The mean between the two false estimates will 
then be the true exponent of the relative commerdal value 
of the two operations. 

The view of the subject, as stated by Mr. Craddock, is cer- 
tainly not supported in practice. By spreading fuel over <' a 
very large surface/' the facilities are increased for the admiseion 
of a local and wasteful excess of air in numerous small^ but ag- 
gregately large^ quantities^ the injurious effect of which in 
the flues cannot be too strongly enforced^ as was so clearly de- 
monstrated in the pyrometer experiment of Mr. Houldsworth. 

It is true^ by these mechanical contrivances, by which the 
fuel is thinly and continuously spread over a large surface, 
there would be less tendency to the formation of dense smoke, 
because the quantity of air introduced over that extended sur- 
face, being so much greater than is chemically required, the 
volume of flame is considerably reduced, and, consequently, the 
volume of smoke.* We must not, however, deceive ourselves 
in this matter. The avoidance of dense smoke by these means 
must be attended with the production of less available flame 
and heat, relatively with the area on which the fuel is spread, 
from the extended and attenuated temperature in the furnace 
chamber. [The relative merits of these mechanical contri- 
vances will be examined in their proper place.] 

Many trustworthy manufacturers, having tried the system 
of revolving grates, moving bars, and self-acting feeders, and 
having found them unaccompanied with the nuisance of smoke, 
are hence led to infer that they have produced perfect com- 

« A &miliar illastration of this may be seen in the flame of a candle. If 
we walk gently, carrying a candle, the current of air induced by our motion 
cook the flame. The upper part then becomes red, and is converted into a 
stream of smoke. If, however, we walk briskly along, that elongated lurid 
flame becomes suddenly short, clear, and without smoke. This change arises 
from the great access of ah* to which the flame was then exposed. This is 
precisely the eflect produced by introducing an excess of air through an ex- 
tended, but thin, body of fuel on the bars. 
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bustion of the fuel, and economy in its application. This error 
will be commented on in the succeeding chapters. Without 
derogating from the merit due to such inventions, mechani- 
cally and practically considered, it will, however, be found that 
these, and such appliances, are but expedients for avoiding the 
consequences of the first error, namely, the neglect of supplying the 
gaseous products of the coal with its proper quantity of air in the right 
way. In a word, having first made a serious blunder, we endeavour 
to escape its consequences by ingenious and even costly contri- 
vances, and actually bestow on them the merit of having rightly 
worked out the ends and processes of nature. Yet, with equal 
truth might we designate the nostrums of quacks as the true 
means of securing a healthy state of body, while they were but 
so many palliatives of the efiect of previous or habitual errors. 

Having spoken of the gra^e-bar surface, asid what is placed on 
it, we have next to consider the chamber part of the furnace, 
and what is formed therein. In marine and cylindrical land 
boilers, this chamber is invariably made too shallow and too 
restricted. 

The proportions allowed are indeed so limited as to give it 
rather the character of a large tube^ whose only function should 
be, the allowing the combustible gases to pass through it, rather 
than that of a chamber, in which a series of consecutive chemical 
processes were to be conducted. Such furnaces, by their dimi- 
nished areas, have also this injurious tendency, — ^that they 
increase the already too great rapidity of the current through 
them. The defect of insufiicient capacity in the chamber of the 
furnace, above the fuel, will be best appreciated when we con- 
sider that in it the gases are generated, — ^their constituents 
separated, — each brought into contact with the oxygen of the 
air, — and, finally, their combustion effected. 

The constructing the fiimace chamber so shallow, and with 
such inadequate capacity, appears to have arisen from the idea, 
that the nearer the body to be heated was brought to the source 
of heat, the greater would be the quantity received. This is 
no doubt true when we present a body to be heated in front 
of a fire. When, however, the approach of the colder body 
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will have the direct effect of interfering with the processes 
of nature^ (as in gaseous combustionj) it must manifestly be 
injurious. Ahsolide contact with flame should be avoided where 
the object is to obtain aU the heat which could be produced by 
the combustion of the entire of the constituents^ of the fuel.* 

When, however, the object is merely to raise a body to a 
high temperature by local application, as when we heat a bar of 
iron in a forge, or a flame, and without reference to the quan-^ 
tity of heat produced and wasted ; in such cases, direct contact 
becomes necessary. So much, however, has the supposed value 
of near approach, and even impact, prevailed, that we find the 
space behind the bridge, frequently made but a few inches 
deep, and bearing the orthodox title of the flame bed, as in 
Fig. 19. Sounder views, however, have shewn that it should 
have been made capacious, and the impact of the flame avoided. 
This will be enlarged on hereafter. 

Fig. 19. 




* On this point Dr. Ure observes, " When a boiler is set over a fire, its 
bottom should not be set too near the grate, lest it refrigerate the flame, and 
prevent that vivid combustion of the fuel so essential to the maximum pro- 
duction of heat by its means. The evil influence of leaving too little room 
between the grate and the copper may be illustrated by a very simple expe- 
riment. If a small copper or porcelain capsule, containing water, be held 
over the flame of a candle a little above its apex, the flame will sufler no 
abatement of brightness or size, but will continue to keep the water briskly 
boiling. If the capsule be now lowered into the middle of the ftame^ this 
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So little attention has been given to this part of the subject, 
that we find the practice adopted in locomotive furnaces is directly 
at variance with that in marine and land boilers. In marine fur- 
naces, using bituminous coal, and where, for chemical reasons, 
large capacity in the chamber is an absolute essential, it is, 
nevertheless, made shaUoWy narrow^ and long. Isi locomotives, on 
the contrary, where no similar gaseous operations are carried 
on, the chamber i^called the fire box) is deep^ wide, and short. 
Thus the former is defident in the capacity which is there an 
essential; while the latter has it in abundance, though not ab- 
solutely necessary. 

This anomaly is illustrative of the absence of due inquiry 
when the locomotive tubtdar system was inadvertently introduced 
into marine boilers, as will he shewn hereafter. It is here only 
necessary to add, that as bituminous coal cannot efficiently, or 
economically, be employed, except on the condition that the 
gaseous as well as i}i% fixed portion be supplied with the air neces- 
sary for combustion ; so it is essential that adequate space, or 
area, be provided in the fiimace for the due performance of 
such duties. 

As a general rule, deduced from practice, it may be stated, 
that the depth between the bars and the crown of the furnace 
should not be less than two feet six inches where the grate is but 
four feet long ; increasing in the same ratio where the length is 
greater : and, secondly, that the depth below the bars should not 
be less, although depth is not there so essential either practically 
or chemically. 

will immediately lose its brightness^ becoming dull and smoky, covering the 
bottom of the capsule with soot ; and owing to the imperfect combustion, 
though the water is now surrounded by the flame, its ebullition will cease.'' 



CHAPTER III. 



OP THE INTRODUCTION OF THE AIR TO THE COKE, 
OR FIXED PORTION OF THE COAL IN A FURNACE, 
PRACTICALLY CONSIDERED. 

With reference to the volume of ur required for the combus- 
tion of the coke of a ton weight of coal, independently of the 
gasy there can be neither doubt nor difficulty. There is but one 
body, or combustible, to be dealt with, viz., the carbon : so there 
is but one supporter of combustion required — the oxygen of the 
air. Any difficulty that may arise, therefore, in practice, cannot 
be a chemical one, and must be the result of some impediment 
mechanically introduced. 

We have seen that in combustion, atmospheric air is the 
largest ingredient ; yet, it is just the one to which, practically y 
the least attention is given, either as to quantity or controL 
This surely is not in accordance with the scientific status of the 
age. Indeed, the practice of the present day is in direct oppo- 
sition to what science dictates ; and may be compared to that of 
a chemist, who, though requiring precise proportions and equi- 
valents, both in weight and volume, of two ingredients, for pro* 
ducing a given result, should nevertheless be particular as to 
providing the one^ but regardless as to the other^ 

Mr. Craddock, with the view of refuting the objections to 
the tubular boiler, observes, '^ If chemistry did not teach us 
that the rate of combustion produced in the furnace is dependent 
on the quantity of air passing through it, every day's experience 
would soon convince us of this." Now, chemistry certainly 
does not teach, nor does experience justify, any such inference. 
What both teach is this, that combustion depends not on the 
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quantity of 'air passing through it, but an the weigM of oxygen 
which is taken up in the passage. In truth, the quantity of 
air passing through it may be even 4estructiye of combustion, 
when in excess of the demand of the fuel, if improperly intro- 
duced. 

Again, he observes, '^ This being the case, the matter stands 
thus: — the quanfity of heat generated is dependent upon the 
quantity of air admitted: so also is the quantity of steam pro- 
duced dependent upon the greater or less intensity of the fire." 

Neither chemistry nor experience justify these inferences. 
The quantity of " heat generated " is dependent on the relative 
weight of hydrogen first, and carbon afterwards, chemically com- 
bined with their equivalent weights of atmospheric oxygen. 
The quantity of air admitted may, indeed, actually diminish 
the quantity of heat generated. So, ^* the quantity of steam 
produced" does notf depend on the '^ intensity of the fire," but 
on the quantity of h*eat absorbed by the water, as will hereafter 
be explained. 

Were there nothing else requiring attention, in the use of 
coal, than the combustion of its fixed carbon, (as in the fire-box 
of a locomotive) nothing further would be necessary than the 
supplying the air through the grate-bars to the fuel on them. 
In the use of coai, however, as there is the gas also to be gene- 
rated and consumed, any excess of air, or its injudicious intro- 
duction, though it might not affect the combustion of the carbon, 
must necessarily interfere with the quantity introduced for the 
use of that gas. 

As to the quantity of air chemically required for the coke, or 
fixed portion of the coal, after the gas has been expelled^ it 
has already been shewn that every Gibs, of carbon requires 
161bs. of oxygen. Now, the volume of atmospheric air which 
contains 161bs. of oxygen is estimated at about 900 cubic 
feet, at ordinary temperature. Taking, then, bituminous coal 
as containing 80 per cent, of carbon, we have 1600 lbs. of coke 
(the produce of 20 cwt. of coals) requiring its equivalent of 
oxygen, and which will be equal to 240,000 cubic feet of fdr; 
since, as 6 : 900 : : 16 : 240,000. This great quantity of air 
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required for the exclusive use of the coke on the barsy must, 
therefore, be passed upwards, from the ash-pit, the product 
being transparent carbonic acid gas, of a high temperature. 

In this process no error can be committed. The carbon 
remains quiescent, and without combustion (wholly irrespective 
of the temperature to which it may be raised), imtil each atom 
shall, successively, obtain contact, and combine with its equiva- 
lent of oxygen ; becoming, as it were, the wings by which it is 
literally to be carried away, in the shape of carbonic acid. Of 
itself, and without the aid of such wings, it had no power of 
movement, escape, or combustion. 

The conditions under which coke enters into union with 
oxygen, and the singleness of the process, marks strongly the 
distinction between its use in the locomotive, and that of coed 
in the marine, or land boiler. In the former, there is but one 
operation, as here shewn ; in the latter, however, there are the 
several gaseous operations, all of which require systematic 
management. 

In supplying the air to the coke, and to avoid the admission 
of a larger quantity than is legitimately required for its own 
combustion, the principal point requiring attention is, the pre^ 
serving a uniform and sufficient body of fuel on the bars, as noticed 
in the last chapter ; thus, to prevent the air passing through the 
fuel in masses or streams, by which a cooling effect would be 
produced, injurious to the generation and combustion of the 
gas. Where anthracite is used, as in the United States, and 
which is composed chiefly of carbon, the practice is to keep a 
body of it on the bars of from 7 to 12 inches deep. If this 
depth of anthracite is advisable, it will hereafter be explained, 
that a greater depth is requisite with bituminous coaL 



CHAPTER IV. 



ON THE MEANS OF INTRODUCING AIR TO THE 
GASEOUS PORTION OP THE COAL. 

Hayinq spoken of the air required for the coke of a ton of 
coal, we have now to consider the quantity required for the gas 
of the same. Here we enter^ unquestionably, on the most 
difficult branch of the inquiry. 

It has been shewn that each cubic foot of gas requires, ab- 
solutely, the oxygen of ten cubic feet of atmospheric air. By 
the proceeds of the Gras Companies, we learn, that 10,000 
cubic feet are produced from each ton of bituminous coal : this 
necessarily requires no less than 100,000 cubic feet of air. 
Adding this to the 240,000 cubic feet required for the coke, 
we have a gross volume of 340,000 cubic feet as the minimum 
quantity absolutely reqiured for the combustion of cacA ton of 
coal, independently of that excess which will always be found 
to pass beyond what is chemically required. 

As it continues to be asserted that this great volume of air, 
might, under management, be introduced through the fire bars 
and superincmnbent fuel, the question demands a closer exami- 
nation. A little consideration, however, will shew, that such a 
proceeding would be not only opposed to all chemical ex- 
perience, but that it involves a physical impossibility. 

It will not here be necessary to prove, that a body of dr 
could not pass through a mass of incandescent coke, without 
being deprived of the entire, or a large portion, of its oxygen: 
as well might we expect that air would pass through the lungs 
of one human being, and yet contain the necessary quantity of 
oxygen for the support of life in another. 
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Before a fSresh charge of ooal h thrown in^ there will» or 
should be, as already observed, a sufficient body of clear and 
highly heated coke remaining on the bars. After the charge 
has been made, a large volume of gas will be generated ; and, 
consequently, an equivalent quantity of pure air will be re- 
quired for its combustion. Now, at this stage of the process, 
and by reason of the mass of fresh fuel thrown in, the passage 
of the air through it must then, necessarily, be the most re- 
stricted. Thus the smallest quantity of air would be enabled 
to gain admission, simultaneously, with the greatest demand for 
it ; and the largest generation of gas, simultaneously, with the 
most restricted means of enabling the air to obtain access. 
Were there no other considerations, these alone would be suf- 
ficient to shew the absolute necessity oi providing some other 
channel for the introduction of the air for the gas, and the im- 
possibility of introducing the requisite quantity in that direction. 

As the obtaining the largest measure of heat from any given 
weight of coal, turns exclusively oh the introducing the air in 
the proper quantity and manner, this, in fact, becomes the car- 
dinal point in the inquiry ; and on this point have the greatest 
mistakes been made. Watt in his early patent (1785) sought 
to introduce the air through the body of fresh coal placed in front 
of the furnace. Chemistry, however, has since shewn, that not 
one hundredth part of the required quantity could be so in- 
troduced. When Watt was engaged in considering the gene- 
ration of steam, concurrentiy with the use and economy of fuel, 
all was uncertainty as to the proportion of air, chemically 
required for its combustion. The scientific world had but a 
vague idea of the relations between the combustible and the 
supporter of combustion. The all-important system of chemical 
equivalents which now forms the basis of our knowledge, as to 
quantities, was not even suspected. Since then, however, by 
the discoveries of Higgins, Dalton, Davy, and their successors, 
uncertainty has given way to certainty, and we are now as sure 
of our results as if we had, physically, the power of handling 
and combining, at will, the several elements which enter into 
the composition of bodies. In the language of Stockhardt, 
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" Previously to the discovery of the laws of equivalent propor- 
tions^ hardly fifty years ago, it could only be ascertained by 
laborious trials, how much of one body was required to combine 
with another, or to replace another. It is now only necessary 
to refer to the table of the proportional or equivalent numbers, 
to ascertain, and beforehand, the quantity to be employed." 

Had Watt been experimenting on the combustion of coal, 
with the accurate knowledge we now possess, he certainly 
would not hai^ neglected (as is the case in the present day) the 
providing the relative quantities of the ingredients, air being 
one of them. 

We may here imagine the amazement which Watt would have 
experienced, had the following formulas been presented to him. 
" Organic substances have an incomparably more complicated 
constitution than in the organic compounds, as the following 
examples shew: 

^* From the well known amber, a peculiar acid, 
succinic acid, is obtained, which consists of four 
atoms of carbon, two atoms of hydrogen, and 
three atoms of oxygen, and has accordingly the 
formula C4 H, O, (see Fig. 20). 



Fig. 20. 




Fig. 21. 




" If one atom of oxygen is added to this, we 
have the constitution of malic acid = €« Ha O4 (see 
Fig. 21). 



Fig. 22. 




^' If one more atom of oxygen is added, that 
of tartaric add = C4 H, O5 (see Fig. 22). 



Fig. 24 
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0X0) ** '^^^ ^y adding yet another atom of 
oxygen, that of formic add = C* Hj Oe (see 
Fig. 23). 

" But on the other hand, if one atom of hy- 
drogen is added to the succinic acid, which was 
the starting-point, the constitution of acetic acid is 
obtained = C* H, Os &c. (see Fig. 24). 
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'^ Sugar, starch, and wood have precisely the same constitution, 
namely, Ce Hg O5 : they are isomeric* If we imagine these three 
elements grouped together in different ways, as for instance : — 



m sugar : 
Fig. 25. 



in starch ; 
Fig. 26. 
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^^ Here, then, we can form an idea how one and the same 
quantity of the same elements may combine, forming such very 
different bodies." 

With reference to the volume of air to be introduced. Pro- 
fessor Daniell observes, that it will be necessary, even in labo- 
ratory practice, to supply twice the quantity that would, strictly 
and chemically, be required. Now, taking the minimum quantity 
of air, at atmospheric temperature, (for the gas of one ton 
of coal) at 100,000 cubic feet, to form an idea of what that 
quantity is, it will only be necessary to say, that it would fill 
a tube of 12 inches square (the area of ordinary fire doors), 
and of no less than 20 miles in length. This will enable us to 
consider practically the great body, or bulk, we have to deal 
with, and the difficulty of effecting its introduction. 

The introducing the required quantity of air will necessarily 
depend, first, on the area of the orifice through which it enters ; 
and secondly, the velocity at which it passes through that area. 
It has been stated that the aperture for the admission of the 
required quantity should average from one half to one square 
inch for each square foot of grate-har surface. 

So entirely disproportioned, however, is the area here stated, 
that it would not supply one-fourth the quantity absolutely 
required; much less that additional quantity which we have 
seen must of necessity pass with it. 

There seems, then, to have been some serious oversight in 
making these calculations. Practice and experiment prove 
that instead of an area of (me square inchy no less than from four 
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to six square inches for each square foot of furnace will be 
required^ according to the gas-generative quality of the coal, 
and the extent of the draught in each particular case. 

In examining the tables of results supplied by experimenters, 
the cause of their error may be traced to a mistake in the 
estimated velocity of the heated gaseous matter passing through 
furnaces to the chimney shafts. As this has, in many instances, 
been adopted on the supposed authority of Dr. Ure, it is right 
to state, that the error appears to have originated in taking 
what that accurate chemist and experimenter had given, — ^not 
as practical, but as theoretic results.* 

It is to be observed, that we are not here determining (as 
Dr. Ure was) the velocity of the current of heated gaseous 
products passing through the Jhies of a furnace, or escaping by a 
shaft of any given height. It is not the egress of intensely 
heated products that we are considering, but the ingress of air 
at merely atmospheric temperature and pressure; and ftirther 
subject to all the consequences of impeded motion from friction, 
in passing through numerous small apertures. 

The following table of relative velocities of the air on enter- 
ing, will illustrate the joint influences of current and area 
through the admission orifices. 



Air apertnre per 
■qnore foot of 

ftinuce for bita- 
minoiu coal. 


Velocity per le- 

cond of in^reas 

current of air at 

60». 


Cubic feet per hour 

entering wrongh 

small orifices. 


For every ton of 

Coal in cubic 

feet. 


Square inches. 
6 
6 
6 

5 
5 
5 

4 
4 
4 


Atft.perBeoond. 
6 
10 
20 

6 
10 
20 

5 

10 
20 


Cubic feet. 
7,600 
16,000 
80,000 

6,260 
12,600 
26,000 

6,000 
10,000 
20,000 


Cubic feet. 

76,000 

160,000 

300,000 

62,600 
126,000 
260,000 

60,000 
100,000 
200,000 



* Dr. lire's statement is as follows :— '< The quantity of air passing through 
well-constructed furnaces may, in general, be regarded as double what is 
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Now, suppose a furnace measuring 4x2/6 = 10 square feet 
of surface, and with moderate draught, this will be adequate to 
the combustion of 2 cwt. of coal per hour; — the gas from 
which will require 10,000 cubic feet of air. To supply that 
quantity, within the hour, will require the following relative 
areas of admission, and velocity of current, viz : — 

Velocity of current per Area of aperture, in 

second of air entering square inches, per foot 

the furnace. of furnace. 

If at 6.66 feet per second, will require 6 square inches. 

5> 10 „ „ 4 „ 

99 20 „ „ 2 „ 

From this we see the absolute necessity of ascertaining the 
practical rate of current of the air when entering, before we can 
decide on the necessary area for its admission. Hitherto no 
estimate has been made respecting these proportions on which 
reliance can be placed. 

With reference to the mode of introducing the air, it is not 
a little remarkable, (so slow is scientific progress when opposed 
to established custom) that many, to the present, overlook, or 
even dispute the difierence in efiect, when it is introduced 
through one, or nvmerom orifices. In illustration, then, of the 
effect of introducing the air in a divided form, let us take the 
case of a boiler furnace of modem and approved form, where 

rigorously necessary for combustion, and the proportion of carbonic acid 
generated, therefore, not one-half of what it would be were all the oxygen 
combined. The increase of weight in such burned air of the temperature of 
212^ being taken into account will give 19 yards or 57 feet per second for the 
velocity in a chimney 100 yards high incased in steam. 

"Such are the deductions of theory; but they differ considerably from 
practical results.'^ Describing the many sources by which the theoretical 
velocity was diminished, he gives the result of a series of experiments in 
which the velocity per second was as follows :— 

" The chimney being 45 feet in length, the temperature of the thermometer 
being 68° Fahr. the velocity per second was — 

Triala. By Theory. By Experiment. ^^ SK e^' 

1 . . 26*4 feet . . 5 feet . . . 100 Fahr. 

2 , . 29-4 „ . . 5-76 „ . . . 212 „ 

3 . . 34'5 „ . . 6- 3 „ ... 270 „ 

5 
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the air enters by a dngk orifice^ and compare it with that shewn 
where it enters through 100 or more orifices. 

In the first example, (if the body of air be not too great,) the 
efiect may be favorable, to some extent, in preventing the 
generation of dense smoke. Inasmuch, however, as the quantity 
of air thus introduced, is chemically inadequate to the com* 
bttstion of the gas, much of the latter must escape tmconaumed^ 
though not in the form of smoke, but as a light coloured vapour. 
In such case, however, the inference usually drawn would be, that 
the area of admisdon was sufiSicient, and the combustion perfect 

This, however, would be erroneous ; besides; that it would 
constitute the mere non-appearance of smoke as the test of 
perfect combustion of the gas. 

Ficr. 28. 
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In the first cibse. Fig. 28, the body of air, by paftsing through 
a single aperture, produces the action of a strong current^ and 
obtains a direction and velocity antagonistic to that lateral mo- 
tion of its particles which is the very element of diffusion. In 
this case, passing along the flue, the stream of air pursues its 
own course at the lower level. A, while the heated products 
fill the upper one at B. It is here evident, according to the 
laws of motion, that the two forces, acting in the same direction j 
prevent the two bodies impelled by them (the air and the gas) 
from amalgamating. In fact, they do not come into contact, 
except in the strata, or planes, of their respective proximate 
surfaces. The cooling influences of the air, however, goes on 
in the flue, and produces a result the reverse of what was then 
most desired. In this case, the velocity of the current is op- 
posed to the desired diffusion ; and as, by the laws of motion, 
matter cannot change its direction unless by the introduction 
o{ some other force ; — that other force is just what is here re- 
quired. Thus, in the present instance, we must either change 
the direction of the current of the air, or give it the right di^ 
rectum from the beginning. 

Now, instead of a single aperture, let the air enter through 
a hundred or more apertures, as in Fig. 29. Here the force 
and direction of the current will be avoided, and the required 
diffusive action produced on passing the bridge. Instead of the 
refrigeratory influence of the air, as in the first case, there wiH 
be a succession of igniting atoms, or groups, which Sir H. Davy 
calls "explosive mixtures," each producing combustion with 
its high temperature. These are distinctiy perceptible from the 
sight holes at H. 

The same results will follow, whether the single or numerous 
orifices are placed at the door, or at the bridge end of a furnace, 
as in Fig. 30. In this case, the diffusion will be more im- 
mediate and effective. 

On this point it may be well to notice the oft-repeated fact, 
that the avoiding dense smoke may be obtained by leaving the 
fire-door ajar. Now, so far from this being a discouragement^ 
or argument against the use of numerous small orifices, it abso- 
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lutely confirms both the principle and practice; for, if al- 
lowing a given quantity of air to enter in a thin film at the edge 
of the door have a good effect, we are thereby encouraged to 
allow the entire complement to enter by other and nwre numerous 
films or apertures. If, indeed, allowing the door to be ajarj 
with an opening of one inch, were sufiScient for the admission 
of the entire volume required, nothing further will be desired. 
The moment, however, the aperture is enlarged by opening the 
door wider, to allow that required volume to enter, the injurious 
and cooling influence of the body and current of air becomes 
self-evident, and the result confirmed by the reduced tempe- 
rature in the flue, as indicated by the pyrometer. 

Of the advantageous effect produced by mecJumicdl agency ^ in 
promoting immediate diflusion between the air and the gas, 
the following experiments are quite conclusive. 

Let Figures 31, 32, and 33,represent each a tin apparatus, with 
its glass chimney, similar to the ordinary Arjgand burner, — the 
gas is admitted the same way in all three — the difference to be 
noted is, in the manner in which the air is admitted. In all these 
cases, the quantity of both gas and air was the same. 

In Fig. 31, no air is admitted from below; and the gas, con- 
sequently, does not meet with any until it reaches the top of the 
glass, where it is ignited, producing a dark smoky flame. 

In Fig. 32, air is admitted from below, and rises through the 
orifice at A, concurrently with the gas at the orifice B. On 
being ignited, one long flame is produced, of a dark colour, and 
ending in a smoky top. 

In Fig. 33, the air is introduced from below, and into the 
chamber c c, from which it issues through a perforatedjplate, 
like the rose of a wateriilg pot; thus producing immediate 
mixture with the gas. On being ignited, a short, clear, and 
brilliant flame was produced, as in the ordinary Argand gas 
burner. 

The heating powers of the flames were then tested, by placing 
a vessel of cold water over each. When over Fig. 32, it required 
14 minutes to raise the water to 200°, whereas, over Fig. 33, it 
reached 200° in 9 minutes. 



Mg. 31. 








Fig. 33. 




70 

Now, the difference of effect produced in those three ex- 
periments corresponds with what takes place in furnaces and 
their flues, when the air is excluded, and when it is admitted 
through a single or through numerous orifices. 

Of the importance of mechanical agency^ in promoting the ra- 
pid diffusion or mixture of the air and the gas, the modes 
adopted on the continent for rendering the coke gas, or carbonic 
oxide, available, are condusive and instructive. 

M. Peclet has given ample details of the mode of effecting the 
combustion of this gas, (the existence of which has, for a long 
time, been practically ignored in this country,) in the manu- 
facture of iron, and even in the puddling furnaces, where the 
most intense heat is required. 

M. Peclet states that the process at Treveraj, in France, 
(see Figs. 34 and 35) is preferable to that adopted in Germany, 
and for the following reasons, which are quite to the point of 
our present inquiry. 

1st. The air and the gas are better incorporated. 
2nd. The relative quantities of the gas brought into con- 
tact with the air are more easily regulated. 
3rd. Combustion is effected by the introduction of the 
smallest excess of air. 
In the apparatus, as shewn in the section. Fig. 10, 50 jets of 
air issue, each ^n the centre of 50 jets of the gas (carbonic 
oxide), led from the cupolas of the melting furnaces. On ex- 
amination of the process here exhibited, the mixing and com- 
bustion, it will be seen, takes place on the instant^ and before the 
flame and heat enter the chamber of the furnace at F. By this 
arrangement, M. Peclet observes, "that the highest temperature 
that the arts can require is here obtained." It is strange that 
the practical and commercial value of this gas, which is so 
wastefully expended at our manufactories, at the sununit of 
the cupolas, but so well understood, and economized in 
France and Germany, is only just now being recognized in 
this country. 
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Fig. 34. 
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CHAPTER V. 



OF REGULATING THE SUPPLY OF AIR TO THE GAS 
BY SELF-ACTING OR OTHER MECHANICAL APPA- 
RATUS. 

Much has been urged on the necessity for regulating the sup- 
ply of air entering the furnace, as a means of preventing an 
excess at one time, or insufficient quantity at another. The 
theory is plausible. Practice, however, when tested by the 
aid of a pyrometer, and on the large scale of the furnace, has 
invariably proved its unsoundness and futility. 

If the generation of the gas in a furnace were a constant 
quantity; or uniformly increasing and decreasing; and ab- 
solutely ceasing at some one stage of the charge of coal ; such 
regulating apparatus would have its merit. The eye and the 
pyrometer, however, at once warn us of the wide difference 
between theory and practice ; exhibiting the irregularities in 
the generation of the gas, and the error of applying an inflexible 
scale to a series of ever varying quantities. 

The possibility, or policy, of regulating the admission of air 
by mechanical means^ was the object of numerous efforts on the 
large scale. The aid of the first mechanical and chemical 
authorities was directed to ascertain whether any, and what 
degree of adjustment was practicable or advisable. After 
much investigation it was found, that under the varying cir- 
cumstances of land and marine boilers ; — of quick and slow 
combustion; — of large and small furnaces; — of the irregularities 
of the draught, which often varied, even in the several fur- 
naces of the same boiler : looking also to the various modes of 
firing, and the uncertain qualities of the fuel employed; all 
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these render the theory of regulating the admission of the air^ 
as each charge proceeded, not only impracticable, but even in- 
jurious. 

In the report made to the Dublin Steam Company, in 
1842, by Mn Josiah Parkes, (the Patentee of the Split- 
bridge,) an engineer well qualified for such an inquiry, he 
observes, — " During the above-named experiments,* I made 
numerous essays of the effect produced by shutting off the ad- 
mission of air to the gases, after the visible inflammable gases 
had ceased to come over, and when the fuel on the grate was 
clear and incandescent. In such cases I always found the entire 
stoppage of air to he followed by diminished heat in the flues and by 
diminished evaporation; for at these times, carbonic oxide con- 
tinued to be formed; a gas which, though colourless, was 
converted, by a due mixture of the atmospheric air, into flame, 
possessing, evidently, a high intensity of heat, and producing 
much useful effect. The calorific value of this gas is lost when 
the air is excludedy although its non-combustion is not attended 
with the production of visible smoke." 

During these investigations it was ascertained, that the ap^ 
pearance or non-appearance of visible smoke was no test, either for 
or against the admission of air — as to quantity, Mr. Parkes on 
this head observes : — ** The consequences of regulating and 
varying the quantity of air admitted so as to suit the varying 
state of the furnace, as regards the quantity of gas given off, 
also occupied my close attention. It is quite certain that, to 
effect the perfect combustion of all the combustible gases pro- 
duced in a furnace, a large demand for air (distinct from the 
air entering the grate) always exists : also, that by entirely ex^ 
eluding air, smoke is produced, and the heat diminished in all 
states of the fire. Thus, with correctly assigned proportions 
once ascertained, no attention is required on the part of the 
fireman in regulating the admission of air. On looking through 

* These experiments were made with great care and deliberation, and with 
all the aids that the eye, the pyrometer, and the thermometer could give. 
Every part of the interior was always visible, and closely attended to ; the 
temperature in the flues and the heat of the escaping products in the chimney 
were also watched and noted. 
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the sight holes, it was manifest, that, as a stream of either car- 
buretted hydrogen, or carbonic oxide gas, was at all times 
generated and passing over; so there was necessarily a corres- 
ponding demand for air; and when supplied, a continuous 
fitream of visible flame/' 

This is conclusive on the point of regulating the supply of 
air, or shutting it off at any period of a change. 

In addition to this inquiry. Sir Robert Kane (one of the 
highest chemical authorities of the day), was also engaged, and 
made an elaborate investigation and report on the subject. 

Report to thb Dirbctors of the CrrY of Dublin Stbam-Packbt 

Company. 

Gentlemen, ^ In accordance with your request, that we should proceed to 
examine into the construction and performance of the Marine Boiler Fur- 
naces erected at your works in Liyerpool, upon the principle of the patent of 
Mr. Williams, we have to report, that we have carefully inspected the opera- 
ation of these furnaces in their several parts, and also some others con- 
structed in a similar manner, upon a large working scale, which are now in 
actual use in various parts of the town ; and that we have instituted several 
series of experiments and ohservations upon the temperature produced by 
those furnaces, and the manner in which the fuel is consumed in them. 

In deducing from those experiments and observations the conclusions which 
will be found embodied in this report, we have taken into careful considera- 
tion the general chemical principles upon which combustion must be carried 
on, so as to effect the greatest economy of heat and fuel ; and we have ex- 
amined how &r those principles are attended to in the construction of the 
various kinds of furnaces that have been proposed for practical use. 
' The conclusions to which we have arrived, and which we believe to be es- 
tablished by very decisive evidence, as well of a practical as of a theoretical 
kind, may be briefly expressed as follows : 

1st. That, in the combustion of coals, a large quantity of gaseous and 
inflammable material is given out, which, in furnaces of the ordinary con- 
struction, is, in great measure, lost for heating purposes, and gives rise to the 
great body of smoke which, in manu&cturing towns, produces much in- 
convenience. 

2nd. That the proportion which the gaseous and volatile portion of the fuel 
bears to that which is fixed^ and capable of complete combustion on a com- 
mon furnace grate, may be considered as one-fourth^ in the case of ordinary 
coal. 

3rd. That the air for the combustion of tliis gaseous combustible matenal 
cannot, with advantage, be introduced either through the interstices of the fire 
bars, or the door by opening it. In the former case, the air is deprived of its 
oxygen by passing through the solid fiiel, and then only helps to carry off 
the combustible gases before they can be burned; and, in the latter case, the 
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air which would enter, by reason of its proportionate mass, would prodace a 
cooling influence, and cannot conveniently be mixed bo as properly to support 
the combustion of the gases. 

4th. That the combustion of the gaseous materials of the fuel is best ac- 
complished by introducing, through a number of thin or snull orifices, the 
necessary supply of air, so that it may enter in a divided farm, and rapidly 
mix with the heated gases in such proportions as to effect their complete 
combustion. 

6th. That, in burning coke, or when coal has been burned down to a clear 
red fire, although the combustion on the grate may appear to be perfect, and 
little or no flame may be produced, and no smoke whatever made, there may 
yet he a great amount, tf useful heat lost, owing to the formation oicarbome 
oxide, which, not finding a fresh supply of air at the proper place, necessarily 
passes off unbumed. 

6th. That under the common arrangements of boiler furnaces, where there 
is intense combustion on the fire-grate, and but little in the Jlues, the diffiir- 
ences of temperature in and around the various parts of the boiler are greater ; 
and, consequently, the boiler is most subject to the results of unequal tem- 
peratures. On tile other hand, when the process of combustion is spread 
through the flues, as well as over the fire-grate, the temperature remains most 
uniform throughout, and the boiler and its settings must be least liable to 
injury. 

7th. That the heat produced by the combustion of the inflammable gases 
and vapours from the fuel, in flues or chambers behind the bridge, must be 
considerable, and can be advantageously applied to boilers, the length of 
which may be commensurate with that of the heated flues. 

In further substantiation of these conclusions, we will describe the results of 
our experiments made with the marine boilers fitted up with air-apertures 
on Mr. Williams's plan, in order to determine how far, in practice, the 
scientific principles of combustion may be economically carried out 



EXPERIMENTS WITH COAL. 

EXPBBZMBNT 1. 

When the fire was charged with coal, and air admitted only in the ordinary 
way, (the passage to the air-distributors being closed,) the entire interior of 
the flues was filled with a dense black smoke, which poured out from the orifice 
of the chimney in great quantity, and as observed through the sight-holes. 
The mean temperature of the flues in this experiment being found to be 650^. 

Experiment 2. 

The furnace being charged in the same manner with coal, and the supply 
of air by the dividing apparatus fully let on, the smoke instantly disappeared. 
Nothing visible passed from the chimney. The flues became filled with a 
clear ydlow flame, which wound round at a maximum distance of thirty feet, 
and the mean temperature at the turn of the flue was found to be 1211^. 

Hence, the quantity of heat conveyed to the water through the flues, was 
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nearly doubled by introducing the air in this divided manner; and, whilst the 
fuel remained the same, the combustion was rendered perfect, and no smoke 
produced. 

Experiment 3. 

The furnace being charged with coal exactly as before, the passage to the 
air-apertures was one-half closed. A grey smoke issued from the chimney. 
The flues were occupied by a lurid flame, occasionally, of nearly forty feet in 
length 'y the mean temperature of the flues being found to be 986^. 

Thus, with half the supply of air, a mean condition was obtained between 
the dense black smoke and imperfect combustion of the first experiment, and 
the vivid combustion and perfect absence of smoke of the second. 



EXPERIMENTS WITH COKE. 

Having thus tested the ch-cumstances of the combustion of coal, under dif- 
ferent conditions of the furnace, we next proceeded to ascertain the exact 
circumstances of the combustion of coke. 

Experiment 4. 

The furnace being fully charged with coke, (from the Gas Works,) and 
the air-aperture closed, so that it burned as in an ordinary furnace, the flues 
were dark, but a bluish yellow flame extended under the boiler to the back, a 
space of ten feet. The mean temperature of the flue was then found to be 
702^. 

The co€df under the same circumstances, having given a mean temperature 
of 660°, a difference of 62® heating power was thus shewn in favour of coke, 
and which agrees with results obtained by others with furnaces of the ordinary 
construction. 

Experiment 6. 

The furnace being agam charged with coke, the air-aperture was opened one- 
half. The flues then became occupied with a flame of various tints, blue, 
yellow, and rose-coloured, produced by the combustion of carbonic-oxide and 
various other gaseous products. This flame extended through twenty-five feet. 
The mean temperature of the flue was then found to be 1010®. 

Thus, even with coke, the increase of available heating power, produced by 
the admission of air on Mr. Williams's plan, was found to be 300®, or three- 
tenths of the entire. 

Experiment 6. 

The furnace being again charged with coke, and the aur-aperture JuUy- 
opened, the flame in the flue shortened to about fifteen feet, and the mean tem-* 
perature of the flue became 862®. 

Hence it appeared, that there had been a larger quantity of au* admitted in 
this last case than was necessary for the combustion of the gases from the 
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coke ; and hence a cooling effect had been produced, such as to neutralize one- 
half of the advantage which would have otherwise been gained. 

It results from these experiments, — 

1st. That the sdr-aperture of the furnace was sufficient for the proper com- 
bustion of coals, but was one-half too large for coke, 

2nd. That by the use of the air-apertures, in the case of coals, all smoke is 
prevented, and the useful effect of the fuel much increased. 

3rd. That, even when coke is used, the heating effect is also much increased 
by the admission of air by apertures behind or at the bridge ; but it required 
only one^half of the air which is necessary for coal. If, however, it be sup- 
plied with the quantity best adapted for coal, one-half of the advantage is 
again lost by the cooling power of this excess of air. 

4th. Since, in all ordinary cases of practice, fresh fuel is added in moderate 
quantities, at short intervals of time, it was not found necessary to alter the 
rate of admission of the air by valves or other mechanism. An uniform cur- 
rent, admitting a quantity of air intermediate to that necessary for coal alone, 
will abundantly suffice for the perfect combustion of the fuel, and need not 
require any extra attention on the part of the workmen. 

In conclusion, we have to state, as our opinion, that the arrangement of 
furnace and admission of distributed air on Mr. Williams's plan, fulfils the 
conditions of complete combustion in the highest degree, as &r as is compati- 
ble with the varieties which exist in the construction of boilers, the peculiar 
character of the coal employed, and the nature of the draught ; the forma- 
tion of smoke is prevented ; and the economy of fuel we cannot consider as 
being less than an average of one-fifth of the entire in the case of coke, and of 
one-third of the entire when coal is used. 

We are. Gentlemen, 

Your obedient Servants, 

ROBERT KANE, M.D., M.R.I.A., 
Professor of Natural Philosophy to the Royal Dublin Society, and 
Professor of Chemistry to the Apothecaries^ Hall of Ireland. 

R. H. BRETT, Ph.D., F.L.S., 
Prof essor of Chemistry to the Liverpool Collegiate Institution, 



The inference from these chemical investigations is, that there 
is no interval from the beginning to the end of a charge^ when there is 
not a large body of combmtible gas generated in the furnace, and a 
large supply of atmospheric air required. 

The advocates of self-acting valves have overlooked the 
chemical fact, that as soon as the coal gas (carburetted hydro- 
gen), ceases to be evolved, the fuel on the bars would then be 
in an incandescent state, and precisely in the condition to 
furnish a copious generation of the other gas— the coke-gasy or 
carbonic oxide ; but which had not hitherto been noticed by any 
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writer in connection with boiler funmces.^ N0W5 as this latter 
gas requires (for equal volumes) one-half the quantity of air 
of the former, it is equally necessary that such be supplied, or 
the heating power of carbon would be lost.t The characteristics 
of this gas have already been given. Its practical application 
requires here to be noticed. 

For obtaining the supposed advantages of regulating the 
admission of the air by mechanical agency^ many ingenious 
contrivances have been suggested. Among these the following 
was tested many years back by the Dublin Steam Company. 

Fig. 36. 
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« << Carbonic oxide," observes Professor Graham, ^^ may be obtained by 
transmitting carbonic acid over red hot charcoal. The combustion is oft^ 
witnessed in a coke or charcoal fire. The carbonic acid produced in the 
lower part of the fire is converted into carbonic oxide as it passes up through 
the red hot embers" 

t Mr. Dewrance, Engineer of the Liverpool and Manchester Railway, when 
that fact was pointed out, felt the importance of allowing a large quantity of 
air to enter through the door, by numerous orifices, and experienced the 
increased heating powers arising from the combustion of the coke gas in 
the furnaces of his locomotives. 



79 

In the diagram. Fig. 36, a is the orifice for the admission of 
the air; h the valve; e the cistern with ball to regulate the fall 
of the valve; e the supply cistern; /the tap for letting off the 
water ; g the tap for regulating the rate at which the valve 
descends. During the first half of a twenty minutes' charge, 
the valve has no operation, the aperture remaining open^ the full 
supply of air being then required. During the next five 
minutes it gradually closes, and during the last five minutes 
remains closed, to counteract the neglect of firemen in allowing 
too much air to enter through the uncovered bars at the end of 
each charge.* Simple as this plan was it became unnecessary, 
and was finally discarded. 

As some notoriety has lately been given to the plan patented 
by Mr. Prideaux,it may here be expected that it should receive 
examination. Mr. Prideaux very justly observes, f — "Only 
two methods present themselves by which the supply of air 
and the wants of the furnace can be made to correspond ; — 
either both must be made constant and regular, or the fluctu- 
ations of one must be made to coindde with those of the other." 
Again, " If a continuous and equable supply is to be furnished 
to a furnace, then the supply of fuel must be made continuous 
also. This appears to be the most perfect method of working a 
furnace, and it is to accomplish this object that most of the 
attempts to prevent smoke, and obtain perfect combustion, have 
been directed. Brunton's revolving grate. Jukes' endless chain 
of fire-bars, and more than one kind of rotary feeder, all fulfil 
with tolerable efficiency the purposes for which they were 
designed.'' 

With these just and appropriate remarks Mr. Prideaux intro- 
duces his own plan of "-4. self -closing valve for preventing smoke and 
economizing the fud^^ J and by which to cause *' the flucttuUions 

* The adjustment of the action of this closing valve was the result of the 
changes, as to temperature and effect, indicated by the Pyrometer. 

t ^* Rudimentary Treatise on Fuely parHcularly with reference to 
Beverberatory Furnaces, by T. Symes Prideaux, Esq. John Weale." 

} " A self-closing valve ^br preventing smokcy and economizing fuel,** is 
here a manifest misnomer, inasmuch as the valve part of the apparatus has no 
connection, directly or indirectly, with the prevention of smoke, or economizing 
fuel. 
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between supply and demand to coincide/* He then describes the 
action of his valye as follows : — ^^ The stoker when he closes 
the furnace door after firing, will nuse the arm of a lever append- 
ed to it : this movement throws wide open a sliding valve in 
the face of the door, which immediately commences closing , slowly 
and automatically, by the gravity of the lever, and affords 
during the progress of its descent, a gradually diminishing 
supply of air to the fire, in harmony with the gradually diminishing 
requirements of the fueV 

By what means this hitherto undiscovered phenomenon of the 
gradually diminishing requirements of the fud during the first hcUf 
of each charge, was ascertained, is not stated* Now, however 
plausible this theory may be, it is at once disproved by experi- 
ment; — the " wants of the fumace^^ being in direct contradiction 
to the alleged ** gradually diminishing requirements of the fueL" 
In truth, experiment proves, that ^^to cause the fiuctuaiions 
between the supply and demand to coincide,*' the arrangements of- 
the valve should have been just the reverse of what is here 
described as taking place, and should rather require a gradually 
increasing (instead of diminishing) supply of air to the fire, in 
harmony with the gradually increasing (instead of diminishing) 
requirements of the fuel. 

By the operation of closing the valves, the act of diminishing 
the supply of air begins on a fresh charge of coal being made, 
and it is entirely closed when one-half the time required for the 
charge has expired ; thus necessarily remaining shut during the 
second, half, — on the supposition that there was no gas then 
generated^ and no further supply of air necessary,^ 

♦ As this operation of the valve is so directly opposed to the true require- 
ments of the fuel, the patentee's own description of it is here given. 

** To give an illustration of its mode of action :— -Supposing a fresh supply 
of coal to be put on a furnace every 16 minutes — the smoke (meaning gas) 
consequent upon coaling, to come gradualb/ to an end at the expiration qf 
eight minutes — and that immediately after coaling, the furnace requires at 
the rate of 100 measures of air per minute (admitted above the fuel), to 
furnish the requisite amount of oxygen to prevent smoke. 

" For such a furnace as the above, this valve is adjusted, so as to furnish 
at the rate of 100 measures of air per minute when wide open, and to gradu- 
ally close at the end of eight minutes. Now, as the operation of closing 
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It is here maBifest that the error into which Mr. Prideaux 
has fallen, has arisen from assuming, theoretically, that the 
generation of gas, (which he inadvertently calls smohe,) would 
'^ came grctduaJly to an end at the expiration of eight mintUes^^ 
from a charge which would take sixteen minutes for its com- 
pletion. If, indeed, that really were the case, then this action 
of his valve ** gradually closing at the end of eight minutes," 
would produce perfect harmony between the supply of air and 
the requirements of the fael. 

The Reports already given by Sir Robert Kane and Dr. 
Brett, Mr. Parkes, Mr. Houldsworth, and Mr. Fairbairn, being 
all in direct disproof of the above, render any further remark 
here unnecessary, except to notice the important difference 
thus established between theory and practice ; and the absolute 
necessity of proof, — ^not by the fallacious test of the appearance 
or non-appearance of smoke, but by ascertaining the tempe- 
rature in the flue, by the pyrometer, from the beginning to the 
end of a charge, — and the length, character, and colour of the 
flame, by actual observation. 

Mr. Prideaux proceeds : — ^* The door of the furnace should 
be double, and the air should pass into the furnace through a 
series of perforations.^^ By this arrangement, he observes, 
*^ three important points are secured ; 1st, the heating the air ; 
2ndly, the keeping the outer door of the furnace comparatively 
cool; Srdly, its subdivision into mimdejets.^ 

A few words on each of these three points will here suffice. 
1st, Of ^^ heating the air.^^ As Mr. Prideaux takes in the air, 
as all others do, at mere atmospheric temperature, his claim 
for "heating the air" goes for nothing. Whatever heat it 
acquires (and which has been ascertained to be wholly insig- 
nificant) can alone be obtained by passing through the per- 
forations in the door plate, as it does in the numerous plans 

occupies eight minutes, at four minutes after coaling, the valve is half shut, 
consequently admitting at the rate of only 50 measures of air per minute, 
and the whole amount of air admitted in the eight minutes during which the 
valve is open, will be 400 measures ; and this quantity, suppb'ed in a gradu- 
ally diminishing manner, in harmony with the gradualbf diminishing retire- 
ments of the fiielj is found sufficient to prevent all snioke." 

6 
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hereafter described. [Mr. Prideaux's own authority will here- 
after be quoted in proof of the fallacy of the hot-air theory.] 

2ndly, As to "keeping the outer door of the furnace compareUively 
cool.^ This is too unimportant a circumstance to require fiir- 
ther notice. 

3rdly, As to passing the air " through a series of perforations^ 
and its subdivision into minute jets ; " it is only necessary to 
add^ that it is a satisfactory illustration of the principle of the 
Argand furnace^ and of the correct practice enforced in every 
page of this treatise. Mr. Prideaux has, however, omitted to 
state that fact, or to disclaim any merit or originality in this, 
the ordy useful part of his patent for ^^the preventing of smoke and 
economizing the fueV^ 

Impressed with the importance of the small jet system^ Mr. 
Prideaux further adds, " An attempt is often made to mitigate 
the smoke and imperfect combustion, by leaving the furnace door 
ajar for a certain period after the addition of fresh fuel." To 
this he correctly objects, on the ground that the air then 
** enters en massey^ instead of " in small jets^ Numerous other 
illustrations might here be given as to the efficiency of the 
" subdivision into minute jets.^ Mr. Prideaux's evidence in cor- 
roboration, is, however, important, although it lays him open to 
the charge of assuming to be the inventor, or original patentee, 
of what had long been so well established.* 

* It is here scarcely necessary to say, that had this plan, with this de- 
scription by the patentee himself, been brought out twelve months earlier, 
that is, before the expiration of the patent for the Argand furnace, it could 
not have stood the test of a jury, so identical is the application and de- 
scription :— '< The series of perforationSy and the subdwUion of the air into 
minute jetSy'' being equally applicable to both patents, and conveying, in the 
most appropriate terms, the very principle and mode of applying the Argand 
furnace. In fact, the accurate description given by Dr. Vie, (who himself 
settled the terms of the specification,) furnishes conclusive evidence of the 
identity of the two plans. Dr. Ure (Dictionary of Arts) observes, *'The 
patent of 1839 consists in the introduction of ihe air through a number of 
small or^ficesy the operation of the air entering in small jets into the half- 
burned hydro-carburetted gases over the fires, is their perfect oxygenation." 
** Again, one of the many methods in which Mr. Williajns has carried out the 
principles of what he justly calls his Argand fumaccy is represented in the 
figure.'* (which he gives.) "The box ia perforated either loith round or 
oblong orifceSy &c.*' " In some cases the fire-door projects, with an inter- 
mediate space, into which the air may be admitted, in regulated quantity^ 
through a movable valve in tJie door.** 
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With refereTOe to the progreesive rate of generation of the 
gas in a futnace, and the conseqneiit demand for atmofiphesic 
air, the length of Hie flame (when the air is properly inipplied) 
furnishes the best evidence. l%e following tabular view of 
the result of numerous accnrafte experiments, made many 
years back, and expresdy to asceirtidn the rate of evolutum of the 
gaseB, throughcmt a charge of 40 minutes duration, is con- 
clusiTe. 



Time. 




Th6iia9iii0trie 
Temperature in Tinea. 


Length of 
Flame in Feet. 


Chaise made . . 466 


10 


2 minutes 




462 


14 


4 „ . 




490 


18 


6 „ 






508 


22 


8 „ 






618 


26 


10 „ 






624 


26 


12 „ 






528 


28 


14 „ 






534 


28 


16 „ 






540 


28 


18 „ 






540 


28 


20 „ 






540 


26 


22 „ 






536 


24 


24 „ . 






524 


24 


26 „ 






508 


22 


28 „ 






494 


22 


30 „ . 






486 


18 


32 „ . 






476 


22 


34 „ . 






468 


14 


36 „ . 






464 


14 


38 „ . 






460 


12 


40 „ . 






460 


10* 



We here see, that so far from the quantity of gas generated 

* The .thermometer bulb wi^ here inserted in the flue, so far as to preyent 
the mercury rising above 600^ — the highest range we see being 640® — when 
the charge was hsJf expended. The absolute heat in the flue was, however, 
considerably higher, as ascertained by the melting points of a series of metallic 
alloys, prepared by Sir Robert Kane, expressly for the purpose. By these, in- 
serted in the flue, it was found that the absolute heat escaping at the foot 
qf the funnel, was at least 750°. 



84 



being greatest at firsts and ceasing when the charge was one 
half exhausted^ it is just the reverse. In fact, any one who 
has observed the indications of the pyrometer in the flue, and 
has looked into a furnace in action, must have observed, that, 
there being much moisture in the coal to be evaporated, it re- 
quired a considerable time before the fall supply of gas was 
produced, and the temperature in the flue had risen to the maxi- 
mum. Further, that when the first half of the charge was 
exhausted, the greatest quantity of gas was then momentarily 
evolved;— -the longest flame existing in the flue; — and the 
highest temperature indicated by the pyrometer ; consequently, 
the fullest supply of air was then required. 

The following experiment is also in point here. This was 
made with a larger charge of coal, and during 60 minutes, (the 
bars being kept well covered,) the object being to ascertain the 
relative quantity of each Und of gas evolved; and thus form a 
guide to the quantity of air reqmred, at the several intervals, 
from the beginning to the end of a charge. [The observations 
were taken from two sight-apertures : one at the back end of 
the boiler, and the other at the front, looking into the flue.] 
When the supply of carburetted hydrogen gas was nearly ex- 
hausted, the distinct flames, and their two distinct colours and 
characteristics, might clearly be distinguished. The following 
Table will present a view of the relative quantities of the two 
gases (carbonic acid and carbonic oxide, or coke gas) produced 
during the progress. 



Tixne in minutes* 

Charge of coal 
5 minutes 



L\J 


99 


16 


99 


20 


>4 


25 


99 


30 


J» 


35 


J» 


40 


»> 



CoalOas, 

none 

10 

14 

18 

22 

22 

18 

14 

10 



Coke Oas. 


Total length of 
flame in feet. 


. 10 . 




10 


. none 




10 


. none 




14 


. none 




18 


. none 




22 


. none 




22 


. none 




18 


. none 




14 


. 4 . 




14 
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Time in minutes. 


CoalOas. 


Cokeaas. 


Total lei^th of 
flame in feet. 


45 minutes . 


. 5 . 


. 8 . 


. . 13 


50 „ 


. . none . . 


. 12 . 


. . 12 


55 „ . . 


, . none . . 


. 10 . 


. . 10 


60 „ 


. . none . 


. 10 . 


. . 10 



Here column 4 may be taken as indicating the gross quantities 
of combustible gases evolved^ and requiring a supply of air. 
In numerous other furnaces^ in which the air was properly 
introduced^ and the foel properly covering the bars^ the flame 
was seen during a large portion of an hour's charge^ extending 
along the side flues from twenty to thirty feet. The quantity 
of the coke gas will be in proportion to the thickness or body of 
the fuel, and its state of incandescence. 

With the view of accommodating the supply of fuel to the 
demand for air^ the best practical mode is the equalizing the quan- 
^iiy of gas requiring such supply. This was done efiectually 
thirty years back, by arranging the furnaces so that each pair 
shall be connected with one common flue. This arrangement, 
for alternate firing, adopted among others in the steamer ** Royal 
WillianC^ (as hereafter shewn,) is every way satisfactory. A 
similar arrangement has been introduced in Her Majesty's 
Steamers ^' Hermes^ ^^ Spitfire^'* and '^ Firefly^ as described 
in Tredgold's work ; nothing, however, is there shewn as to the 
means for introducing the air, and, consequently, the value of 
this flue arrangement is lost. 

Fig. 37. 



.r« 



ii? 





Fig. 37, taken from Peclet's work, shews a similar mode 
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adopted in France^ for equalizmg the supply and demand of gas 
and air. It will be manifest that> assuming the furnaces to be 
charged alternately, the quantity of gas behind the bridge will 
be the mean of that generated in both furnaces. 

Another and a very effectual mode of equalizing the supply 
of gas, and thus practically equalizing the supply of air, is by 
charging the furnace-grate alternately, first on the one side^ and 
then on the other. Where the furnace is wide enough, this is 
very effective. 

The result of this inquiry into the policy of attempting, by 
mechanical means, to regulate the rate of supply of air to the 
gas during the continuance of each charge is, that it can be 
productive of no practical value ; and the more so, since, as 
observed by Mr. Parkes, that '^ as a stream of either carbureited 
hydrogen^ or carbonic oxide gas will, at all times, be generated, 
and passing over, there must necessarily be a corresponding 
demand for air." 

In the report to the British Association, on this very point, 
Mr. Houldsworth observes, '* It has been generally supposed, 
that when there was a perfectly red fire in the fornace, and 
when no smoke was generated, the admission of cold air at the 
bridge would do harm instead of good, by reducing the temper- 
ature in the flues. He had, however, tried the experiment that 
morning. After having the air passages closed for some time, 
he had opened them when the coab in the fire were perfectly 
charred, and found an immediate and decided increase of temper- 
atwre in the flue. The increasing temperature was certainly the 
most striking, if the air passages were opened shortly after a 
large quantity of fresh fuel had been put on ; but, at all times 
hefomid there was an increase when the air tvas admitted, and a 
decrease when it teas exduded.^^ 

Practical proof of this kind at once puts an end to the theory 
of self-regulating valves. 
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OF THE PLACE MOST SUITABLE FOR INTKODUCmG 
THE AIR TO THE GAS IN A FURNACE. 

Having apoketi of the necessity of mechanical aid in producing 
a aiifficiently rapid admixture of the air and the gas, we have 
now to consider of the place beet adapted for applying this aid. 

Ae regards the (xtrhon on the barsjit is manifest that no other 
place could be aelectcd than directly from the ash-pit. That 
this is not available for introducing the air to the gaseous pro- 
duct of the coal, has now to he considered. 

Tredgold contemplated introducing the entire supply of air 
through the aah-pit and ha rs^ observing that^ "the gas which 
distils from the fresh fuel having to pass over the red hot 
embers^ through which the air in the aah-pit ascends, will be 
inflamed/' Here we have the old error, viz,, supposing that 
passing the gas over red-hot fuel would effect its combuBtioji. 

The plan adopted by Mr. Parkea of introducing the air through 
what is called the split hridge^ aa hereafter shewn, appears to 
have been among the first which recognized the providing a 
separate mpphj of mr to the furnace gases, independently of that 
which passed tlirough the fuel on the bare. 

This plan was sufficiently effective, when combined with the 
system of small furnaces, with small charges of coaJ ; or large 
furnaces when charged heavily, with sufficient fuel for many 
hours consumption, producing a uniform generation of gas 
during a long interval, and by the means of slow combustion. 
The issue of the air through the narrow orifice in the top of the 
bridge, was, however, found to be unsuited to the large fnrnacea, 
with c|uick comb nation, and heavy charges incidental to the 
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boilers used in steam-yessels. It was also liable to be occasion- 
ally obstructed by the stronger current of heated products 
crossing the aperture^ in the same way as the ascent of smoke 
from a house-chimney is obstructed by a strong wind sweeping 
over it. Numerous modifications of this plan were adopted in 
steam-vessels^ the most important of which will hereafter be 
given, with the view of explaining the several causes of their 
failure, and which it is often as important to know as those of 
success. 

When the chemistry of combustion in furnaces was examined 
in 1841, in the first part of this treatise, it was shewn that the 
required quantity of air was much greater than had been con- 
templated by practical men, or stated by any writer on the 
subject; and that no single orifice could be sufficient for the 
admission of that quantity, unless by introducing it in such 
volume as would produce a chilling effSsct on the flame, and a 
diminished amount of evaporative duty — a fact strangely over- 
looked in all previous practice. 

The arrangement subsequently adopted in several vessels of 
the Dublin Steam Company admitted the air through numerous 
apertures, and in a divided state. This mode, which has been 
clearly described by Dr. Ure in his Dictionary of Arts under 
the head of ** Smoke Nuisance,'** was always effective when 
the draught was sufficient for the double supply of air, to the 
fuel in the bars, and the gas in the furnace chamber. The 
difference which attends its application was often considerable, 
and arose from the want of draught, or from the perverse adhe- 

* " Smoke Nuisance. Among the fifty several inventionB which have been 
patented for effecting this purpose, with regard to steam-boiler and other 
large furnaces, very few are sufficiently economical or effective. The first 
person who investigated this subject in a truly philosophical manner was 
Mr. Charles Wye Williams, managing director of the Dublin and Liverpool 
Steam Navigation Company, and he also has had the merit of constructing 
many furnaces, both for marine and land steam-engines, which, thoroughly 
prevent the production of smoke, with increased energy of combustion, and 
a more or less considerable saving of fuel, according to die care of the stoker. 
The specific invention, for which he obtained a patent in 1839, consists in the 
introduction of a proper quantity of atmospheric air to the bridges and flame- 
beds of the furnaces through a great number of small orifices^ connected 
with a common pipe or canal, whose ai*ea can be increased or diminished, 
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rence to the old and lazy method of charging the front half of 
the furnaces heavily^ even to the doors^ while leaving much of 
the bridge end but thinly covered, as hereafter will be shewn. 

according as the circumstances of complete coml^stion may require, by means 
of an external valve. The operation of air thus entering in tmaUjeU into 

Fig. 38. 




the half-burned hydro-carburetted gases over the fires^ and in the first flue^ 
is their perfect oxygenation — the development of all the heat which that can 
produce, and the entire prevention of smoke. One of the many ingenious • 
methods in which Mr. Williams has carried out the principles of what he 
justly calls his Argand furnace, is represented at fig. 1310, where a is the 
ash-pit of a steam-boiler furnace ; 5 is the mouth of a tube which admits the 
external dr into the chamber, or iron box of distribution c, placed imme- 
diately beyond the fire-bridge g^ and before the difiusion, or mixing chamber 
f. The front of the box is perforated either with round or oblong orifices^ 
as shewn in the two small figures 6 6 beneath ; d is the fire-door, which may 
have its fire-brick lining also perforated. In some cases the fire-doorprojects 
in front, and it, as well as the sides and arched top of the fire-place, are con- 
structed of perforated fire-tiles, enclosed in common brickwork, with an inter- 
mediate space, into which the air may be admitted in regulated quantity 
through a movable valve in the door. I have seen a fire-place of this latter 
construction performing admurably, without smoke, with an economy of one- 
seventh of the coals formerly consumed in producing a like amount of steam 
from an ordinary furnace. Very ample evidence was presented in a late 
session to the Smoke Prevention Committee of the House of Commons (July 
1843) of the successful application of Mr. Williams's patent invention to 
many furnaces of the largest dimensions, more especially by Mr. Henry 
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Such a mode of charging the fumacesy necessarily caused an 
irregular combustion of the fuel^ and a consequent excessiye 
admission of air, counteracting all effects at appropriating 
separate supplies to the coke and the gas. 

The introducing the £r to land boilers, in numerous films, or 
divided portions, was first practically adopted in 1841, at 
numerous furnaces in Manchester,* and at the water-works in 

Houldsworth, of Manchester, who, mounting in the first flue a pyrometrical 
rod, which acted on an external dial-index, succeeded in observing every . 
variation of temperature produced by varying the introduction of the air-jets 
into the mass of ignited gases passing out of the furnace. He thereby 
demonstrated that 20 per cent, more heat could be easily obtained from the 
fuel when Mr. Williams's plan was in operation, than when the fire was left 
to bum in the usual way, and with the production of the usual volumes of 
smoke. It is to be hoped that a law wUl be enacted in the present session of 
ParUament, for the suppression^ or at least abatement^ of this nuisance^ 
which so greatly disfigures and pollutes many parts of London, as well as all 
our manufacturing towns, while it acts injuriously on animal and yegetable 
life. Much praise is due to Mr. Williams for his indefatigable and disin- 
terested labours in this difficult enterprise, and for his forbearance under much 
unmerited obloquy from narrow-minded prejudice and indocile ignorance.'' 

It is here worthy of notice, that although the aboye was written and pub- 
lished by Dr. Ure so many years back, it is now only in 1854 that Parliament 
have interposed in the manner there suggested. 

* It was one of these furnaces that was examined by the Earl of EUesmere 
(then Lord Francis Egerton), and which induced his Lordship to write the 
following letter : — 

" Worsley, November 22, 1841. 

"Sib, — Having this morning inspected the invention for the prevention 
of smoke, of which Mr. Charles Wye Williams is the patentee and yourself 
the agent, I am anxious to bear my testimony to its very palpable success in 
the attainment of its main object. How fax its secondary and collateral pur- 
pose of saving fuel may be efiected, and whether it can be attained to the full 
extent of covering the outlay of construction, and the fair remuneration of 
the patentee, is a subject on which, as an unscientific observer, I can ofier no 
opinion. I can see no reason to presume, that, in this respect, it will be found 
at all deficient ; and, in its application to steam- vessels, I think it probable, 
that its advantages may be found of the utmost importance. I do not think 
that science is necessary towards enabling an ordinary observer to form a 
decided opinion on its merits in the prevention of a nuisance to the neigh- 
bourhood of our numerous factory chimneys. Its success in the case of 
the chimney opposite your experimental furnace is evident and incontro^ 
vertible. If it be not worth the while of the owner of a chimney to apply 
the inventions, I am sure it would be worth the while of his neighbours 
to subscribe for the purpose. I do not suppose that any one would be 
rash enough to take my evidence for proof on such a subject ) but it is 
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lAverpool^ and at the statbnairT' engine of the Liverpool and 
Manchester Kailway^ under the direction of the engineer, 
Mr. John Dewrance. That si the wateiv-works, with a shaft 
of 150 feet high, had previously caused an intolerable nuisance ; 
both, .however, have since femaaued unnoticed and forgotten, 
even bj. the authorities in IjivBi|)o6l, apparently from the mere 
airramstance of the nu£ra;itce having been effectually abated, 
and attention being.no bng^r drawn to it. 

With, reference to iheplhce for the admidsion of the air, it is 
here stated, advisedly, and after much experience, that it is a 
matter of. perfect indiffieremeioato effect^ in what part of the furnace 
or flue it is introdttcedy provided this att-important condition be 
attended io J namely yfthat tbemechamcal mixture of the air and gas 
he contmwmsly effected , before the temperature of the carbon of the 
gas (then in the staie of fkme^ he reduced below that of ignition. 
This 'temperature, according to Sir Humphry Davy, should 
not be under 800^ Fahr., since, below that, flame cannot be 
produced or sustained. This, in fact, is the basis of protection 
in the Miner's Safety Lamp. In practice, the air has been 
introduoed atall^HKr^^ of thefwnacey md mth •equaBy good effect. 
Its admission through a plate distributor, at the back of the 
bridge,, and at the door end> efiected all that could be desired. 

The adoption during the last f^w years of the tubular system in 
marine boilers, is now to be noticed, inasmuch as it rendered a 
different arrangement absolutely necessary. 

The chief characteristic of the tubular boiler is the shortness 
of the distance J or run, between the furnace and the tubes. The 



possible that parties interested in it may follow my example in judging 
for themselves by inspection. * * * * i have some doubts whether 
economy of fuel will weigh as much as I think it ought with the inha- 
bitants of Lancashire. We are, at present, rich and wasteful; but in 
London, Cornwall, and other districts, this feature of the invention, if duly 
established on experience, must be of great importance— in steam naviga- 
tion, perhaps, of still greater. As a coal proprietor, it is not my business 
to mention it at all; but I do not believe, that what tends to benefit the 
manufacturer will, in the long run, diminish the consumption of coal. 

" I am, 8ir, yours very truly, F. EGERTON. 

" Mr. H. Dircks, 
'^ Messrs. Dircks and Co., 3, Town-hall buildings, Manchester.'' 
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result is, the impossibility of effecting the triple duty of gener- 
ating the gas, mixing it with the air, and completing the com- 
bustion within thefewfeetj and iiie fraction of a second of time, 
which are there available. To obtain the desired effect, the air 
was then introduced at the door end of the furnace ; thus, as it 
were, adding the length of the furnace to the length of the run. 

The main object being the introducing the air in a divided 
state to the gaseous atmosphere of the furnace chamber, the 
following experiment was made: — The centre bar of a boiler, 
four feet long, was taken out, and over the vacant space an iron 
plate was introduced, bent in the form as shewn in Fig. 39. 

Here, the upper portion of the bent plate, projecting three 
inches above the fuel, was punched with five rows of half-inch 
holes, through which the air issued in 56 streams. Adequate 
mixture was thus instantly obtained, as in the Argand gas- 
burner; the appearance as viewed through the sight-holes at 
the end of the boilers, being even brilliant, and as if streams of 
Jlamsy instead of streams of air, had issued from the niunerous 
orifices. It is needless to add, that nowhere could a cooling 
effect be produced, notwithstanding the great volume of air so 
introduced. 

The sectional view of the furnace, looked at from behind* 
as in Fig. 40, represents the character and diffusive action of 
the flame. 



Pig. 39. 
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Pig. 40. 
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This led to the enlarging the door-end of the furnaces suf- 
ficiently to admit the required number of apertures and full 
supply of air ; an arrangement which hag been for years in suc- 
cessful operation, both in marine and land boilers* 

In practice, the great difficulty lay in adapting the plan to 
marine boilers^ the doorways of which are made so contracted^ 
as to render it impossible to introduce the required number of 
half-inch orifices , as hereafter will be shewn. 

Before examining the respective merits of the plans here 
referred to, it will be advisable to notice one of the causes of 
derangement* and from which many, though sound in principle, 
were rendered inefficient in practice • 

On looking into the flues of land boilers, through suitably- 
placed aight-holesj when the furnace is in full action, numerous 
brilliant sparks may be seen* carried through the flues with 
great rapidity, to the distance of ten to twenty feet before their 
luminous character is lost* and they become deposited in the 
tubes, or flues, or wherever eddies are formed. These sparks 
consist, chiefly, of particles of sand in a state of fusion* When 
these do not thus separate from the coal* they fall on the bars* 
and, combining with the ashes, form clinkers. These particles 
of sand* flying off at a high temperature, adhere to whatever 
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thej touch; and^ with the dust^ and small particles of cinders 
or coke^ carried onward by the current^ fill up the orifices in 
the air distributor boxes, and, if not removed, prevent the pas- 
sage of the required quantity of air. 

It is now proposed to give instances of such of the modes of 
constructing furnaces as have been hitherto adopted, and which 
illustrate any principle, or peculiar mode of action, worthy 
of notice. 



CHAPTER VII. 



OP VARIOUS FURNACE ARRANGEMENTS, WITH 
OBSERVATIONS THEREON. 

The following rcmarka on the peculiarities of the several plans 
of furnaces here shewnj are the reeultB of practical ohacrvations 
extended over a scries of years^ and may here be useful, as in- 
dicating what should be avoided 3 as well as provided^ respecting 
the admission of air. 



Fig, 41. 




Fig. 41 represents one of the modes first adopted, under 
the patent for the Argand furnace of 183&; introducing the 
air in numerous jete. This was applicable to land boilers, 
where ample space was afforded for the pcrforatct! tubcsj made 
of fire clay, or caet iron j and waa first adopted at the water- 
works in Liverpooh In this application, the inconvenience 
arising from the sand and other matters in an incandescent 
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state, adhering, and closing the orifices, was considerable. The 
plan, as already noticed, (from Dr. Ure's Dictionary,) was then 
substituted, and has continued ever since in active operation at 
those works. 

The following are principally connected with marine boilers : 

Fig. 42. 




Fig. 42 represents the ordinary marine furnace. No pro- 
vision whatever is here made for the admission of air, except 
from the ash-pit, and through the bars, and fuel on them. It is 
needless to add, that, from the absence of air to the gas, a large 
volume of smoke must here necessarily be produced. 



Fig. 43. 




Fig. 43. Parkes' Split Bridge. This plan, patented in 
1820, was effective when the consumption of coal, and the ge- 
neration of gas, were small and uniform ; or when the furnace 
was large, and heavily charged, to last for six or eight hours, 
with slow combustion* The generation of the gas being uni- 
form, and the demand for air moderate, the supply through the 
narrow orifice in the bridge was sufficient. This plan has 
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formed thn barfs of soTeral rp-invrntftons ; the Patentees either 
not beinfT aware of it, or not acknowledging the source of the 
effect for which thej took credit. 

Fig. 44. 




Fig, 44. Thia adaptation of the Split Bridge in marine 
boilers was early made, by the then Engineer of the Dublin 
Steam Company, to avoid the eoUcciion of aehc8 in the lower 
ah elf of the air orifice^ and by wliich the passage of the air waa 
obstructed. The furuaces being charged at short intervals, 
and the combustion rapid, the supply of air wae msufficient. 
The aperture at the top of the bridge was liable to be choked 
with ashes and gmall coals, occasionally thrown over. 



Fig. 45. 




Fig, 45, This change was not found effective. Tlie second 
opening for the admiaaion of air, at the end of the bars^ waa 
quite irregular in its action. It was also found to interfere 
with the action in the split bridge ; the air preferring, at cer- 
tain states of the fuclj to enter by the open space at the end of 
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the bars, as the nearest and hottest course^ whenever that 
place was uncovered. 

Fig. 46. 




Fig. 46. This was adopted in a steamer of large power, 
and was intended to remedy the evil as stated in the last 
figure. The aperture being made larger, the air entered too 
much in a mass, and produced a cooling effect ; and much fuel 
was also wasted by falling through into the ash-pit This 
was subsequently altered to the plan hereafter shewn in 
Fig. 51 ; the bars being reduced from 7 feet 6 inches, to 6 
feet, and with good effect. 



Fig. 47. 




Fig. 47. This arrangement remedied that of the pre- 
<^^^g> by saving the fuel thrown to the end; and which, 
falling on the small supplemental grate, was there consumed. 
In practice, however, it was less effective as to generating 
steam, and irregular in its action, and was very destructive of 
the bars. 
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Fig. 48. 
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Fi-'. 48. ThU plan, adopted in 1840, was one of tKe 
first TppHed to marine boilera, on the principle of the Argand 
furnace, by which the air was made to enter in divided streams, 
through the apertnrea in an eight-inch tnbe, from behind the 
boiler? Tlu3 phin was fully effective so long as the perforations 
in the tube remained open. The small orifices. eax:h but a 
qnartcr of an inch, however, becoming covered, and closed by 
the sand and ashes, the supply of air waa consequently di- 
minished, and the tube became heated and destroyed. 



Fig. 49. 




Fig. 49. This plan, adopted in the steamer, the "Lmh^ 
waB very effective so long as the inclined plate and its nu- 
meroHB orifices remained perfect. As, however, it also became 
clogged, or covered with coal, thrown over during charging, 
it warped, and became injured. 
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Kg. 50. 




Fig. 50. This alteration was made in the same boiler, to 
counteract the evil above-mentioned. The bars were shortened 
from 6 feet to 4 feet 6 inches. The air was here introduced 
through a plate pierced with half-inch holes. This was quite 
successful : ignition and combustion were complete ; no smoke 
formed, and the diminished combustion of fuel was considerable. 
The box, however, set in the bridge, was too small, and there- 
fore liable to become filled hj the ashes carried in by the cur- 
rent from the ash-pit ; and the stokers neglecting to keep the 
air-apertures free, there was no dependence on its action. 



Fig. 51. 




Fig. 51. This arrangement, which remedied the above 
defects, was adopted in the steamer, the ^^ Princess,^ and also 
in the " Oriental ^ and. '* Sindostan,^^ employed in the Mail 
service in the Mediterranean. Perfect combustion of the gas 
was effected, and, consequently, no formation of smoke. The 
numerous orifices are here removed from the direct action of 
the heat, or the liability to be choked. The regulating valve, 
originally placed on the apertures, to regulate the supply, was. 
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after a little experience, found to be unnecessary, and was re- 
moved.* This plan has become, practically, the most effective, 
and, during the last ten years, has been adopted in numerous 
marine and land boiters. The cost of the air-box was under 
forty shillings. 



■ The Engineer of these ve^elSj to which he wns appointed Bnccesgively, 
after much experience of the value of admitting the air^ reported as follows;— 

"Liverpool, August ^^ 1842, 
"Sis, 

From the experience which I have had of the apparatrta on 

board the mail contract packet, the PrhieesXj I found it effected a conaide- 

mblc saving of coald, besides domg away with the amokej and I, there fore, 

beg that it will be put ioto the Hindosian before she leaves England. 

*' I ara, Sir, your obedient eervantj 

"JAMES M'LAREN, Engineer of the Hindostan." 



Mxtrojctof a Letter from Mi\ M^LAR'EN^ dated on hoard the Steam 
Ship Hlndoatan^ at Madras^ December 20, 1842. 

'^ With regard to the air-boxes, I consider them a great saving to the 
Company, both in fuel and supporting the bridges j for if we had the common 
bridges we should have had to rebuild them several times, which miglit have 
caused the vessel to be detaiued some days ; but, up to the present time, we 
have had no occasion to put np a single brick since we left Gibraltar, 
and the perforated plates are as perfect as when first put into the furnace ; 
andj witb regard to smoke^ it m seldom or never seen. I am happy to inform 
you, to the credit of Messrs. Fawcett and Co*, that, up to the present time, 
we have had neitficr a broken bolt, nor a bad rivet in the boilers, and 
every thing seems to be in as good order as when we left home. Con- 
mmption of coal, twenty-seven cwL per hour/' 



Iteport of the Engineer of the Oriental plying between England, Gih^ 
raltar, MaUOj and Ahxandria, December 19, 1842, 

''The air^distribntors answer uncommonly well in this vessel. Con- 
sumption, twenty-six cwt per hour- No smoke whatever-" 
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Fiff. 52. 




Fig. 52. In this pkn^ the air was introduced through a 
tube laid on the bottom of the ash-pit^ to avoid the current 
of dust^ and to enable the air to enter in a cooler state. This 
was found effective as regarded combustion, but^ being still ex- 
posed to the sand^ dust^ and heat, as already mentioned, was 
subsequently altered to that of Fig. 51. 



Fig. 53, 
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Fig. 53. This was a tubular boiler, and is here shewn as it 
came from the maker in 1846. It was quite ineffective, giving 
much smoke, the tubes also being liable to injury by the short- 
ness of the run. The air-box in the bridge was soon filled with 
dust and ashes, as here shewn. The grate-bar being 6 feet 10 
inches long, the flame necessarily reached the tubes, doing 
much injury to the lower tiers. This was altered, as shewn in 
Fig. 54. 
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Fig. 54. 




Fig, 54. This is the same boiler^ the furnace alteration 
being attended with considerable advantage. The bars were 
shortened from 6 feet 10 inches^ to 5 feet 3 inches* Tlie defect 
of the ebort run, and the limited time for combustion, incident 
to tubular b oiler s^ was, however, irremediable. The change in 
the lengtli of the bars alluded to, reduced the consumption of 
coal considerably; smoke wasj to a certain extent, avoided, 
and the amount of eteam increojied. In this boiler there were 
205 tubes of 2|-inch area. Engines 100 horse*powcn 

Fig. 65. 




Fig- 55, This was a large steamer of 350 hor&e-power, 
with tubular b oiler s. The plan of furnace here shewn repre- 
eents it as it came from the maker* Three lengths of bars, 2 
feet 8 inches each, fiUed the entire space^ leaving no room for the 
admiBsioTi of air to the gas. The consequence wasj a great 
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oonsumptioii of fuel; a great generation of smoke; and mnch 
inoonyemence and expense^ from the destruction of the tubes 
and fiioe-plate. 

Fig. 66. 




Fig. 56. This is the same boiler. The bars having been 
shortened, the au>box was introduced into the bridge. Not- 
withstanding the eyils of the short run^ the change here made 
was satisfactoFfT. The importance of keeping the air-passage firee 
from obstruction was exemplified in this case. The air-box was 
introduced in the afier-hoUer, leaving the fore-bailer as shewn in 
Fig. 55. During the voyage, in which 90 tons 18 cwts. of 
coal were used in the latter, but 81 tons 15 cwt. were used in 
the former. The engineer reported, that '' when the gases are 
properly consumed, the best effect is produced; good steam is 
obtained and less coal used." 



Fig. 67. 
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Fig. 57. This boiler ako was tubular^ 17 feet 2 inches long. 
Engines 370 horse-power. It is here shewn as it came from the 
maker. The grate-bars 9 feet ; dead plate 9 inches. The area 
for the admission of the air was quite inadequate to the intro- 
duction of the necessary quantity. This boiler was then altered 
as in Fig. 58^ 

Pig. 58. 




Fig. 58. This is the same large steamer as in last number : 
the air-box being introduced into the bridge ; the result was a 
considerable diminution in the fuel used ; a better command of 
steam^ and freedom from the nuisance of smoke. 



Kg. 59. 
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Fig. 59* This tubular boiler is here shewn as it came from 
the maker; grate-bars 9 feet 3 inches long^ with dead-plate 12 
inches. No means for admission of the air to the gas. In this 
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boiler the run to the end of the tubes being so short, the gene- 
ration of steam depended^ almost exclusiyelj^ on the large grate, 
surface from ten furnaces. The consumption of coal was very 
great, and the smoke very dense. From the shortness of the 
boiler there was necessarily but little room for improvement 
It was altered as shewn in next plan. 




Fig. 60. The same boiler, altered as here described, allow- 
ing the air to enter by a perforata plate. The inherent de-* 
fects of the short boiler, and short run, prevented the realizing 
much advantage in this case. 

Fig. 61. 




Fig. 61. This plan is here introduced as shewing the prac- 
tical error of supposing that the gases could be consumed by 
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causing them to pass through incandescent fuel. The effect of 
this plan is to convert the gas into carbonic oxide; and which^ 
from being inyisible^ created the impression^ that the ** smoke 
wa^humed^ It is needless here to dwell on the chemical error 
of such an assertion. The fallacy of imagining tliat either gas 
or smoke J frDiii a furnace^ can be consumed by paeaing " through^ 
oveTy or among'*^ a body of incandescent fuel, as already sbewnj 
prevailed from the days of Watt to the present. Numerous 
patented plans to the same effect, might here be giveUj all 
having the same defect^ and e finally ineffective. 

Fig. 62. 




Fig. 62, This was one of the numerous hot-air expedients 
pressed upon public notice, under the illusion, that by heating 
the air^ '* the smoke would he humed^ A large hollow fire-bar, 
A, was placed in the centre, or sides of the furnace, with a re- 
gulating door for the adniisaion of the air* The Admiralty 
having been induced to allow this plan to be adopted in the 
Steam Packet J the " Urgent^'' at Woolwich, the result was a 
total failure, and its consequent removal.* The supposed heat- 
ing of the air being a mere assertion, made for the purpose of 
giving an appearance of novelty, having been wholly without 
effect, the result was, that it reduced the so-called patent in- 
vention to that of Parkes' Split Bridge^ with all its disadvan- 
tages when applied to marine-boilers and large furnaces* 

* The Urgent i Captain Emerson, being then engaged in the Mail Service 
at Liverpool, this eteamer came under my notice. For the pnrpose of testing 
tbe eifecte of this hallow -bar, I bad an experiment made to ttsccrtain the ex- 
tent to which tbe air might be heated, and found no perceptible increaie of 
heat could be obtained by it. 
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Fig. 63. 




Fig. 63. This was another modification of the Split Bridge 
plan. Mr. West, in his published Beport^ on the methods 
submitted to the Public Meeting at Leeds, in 1842, described 
this in the following terms : *' It consists of a regulating valve, 
hj which air is admitted into a passage through the bridge, (the 
split bridge of Parkes' expired patent,) for four hours after first 
firing. By this time the coal is coked, and the valve shut the 
remainder of the day." It is manifest there is nothing in this 
plan beyond the split bridge, accompanied with the mode of 
firing and slow continuous combustion applicable to it. 



Fig. 64. 




Fig. 64. This is but another modification of the split 
bridge, though announced as a plan for heating the air, by its 
passage through a body of hot brick-work. This plan, M. Pec- 
let observes, was adopted in France, but abandoned. 
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Fig. 65. 




Fig, 65, M, Peclet givea this as one of Chanter 'a pa- 
tents, which TV as also tried and abandoned in France- It will 
be seen that this is but a modification of the former plans. 

Fig. 66. 




Pig- 66* Thia is another of the so-called hot-air plana, 
although it is nothing but the split bridge with a supplemental 
gratej as adopted by Chanter and others- The Patentee pro- 
fes&es to have the air *^ intensely heated^ by the handful of 
aooriaj or cinders, which fall on the supplemental grate. This 
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plan being mnch pressed on public attention^ the Patentee's 
own inflated description is here given^ than which nothing can 
be more erroneous in a chemical point of view^ or more un- 
warranted in practical effect,* 




Fig. 67. This is another of the hot-air plans^ as given in 
Mr. West's Summary. The air is here supposed to be heated 
by passing through the vertical tubes a, placed in the flue^ and 

* ''It will be seen that the invention consists in the combination of two 
sets of fixed fire-bars, the first of which is chiefly fed by the scoria and cm- 
ders voided from the second or upper set of fire-bars, with a calorific platCy 
the face of which may be protected by a few fire-bricks ; by which arrange* 
ment, the current of air entering at the lower part of the furnace, peuses 
through two strata of frcy and thence between the calorific plate and the 
bridge, and is thus so intensely heated as continuously to produce the entire 
combustionqf the gcueous products of the fuel, BSkd to prevent the ordinary 
formation of smoke. It is, in effect, a double furnace, confined to the limits 
of, and economically applicable to, any common description of furnace ; has 
all the advantages of a hot blast without the cost of any pneumatic appa-^ 
ratus; is so contrived as uniformly to distribute and keep up the requisite 
heat in boilers of whatever form ; and, whilst most effectually preventing the 
annoyance of smoke, and the usual deposit of soot in the flues, it causes an 
average saving of at least 20 per cent, in the quantity of fuel consumed, and 
also admits the substitution of the cheapest for that of a dearer quality, and 
of small instead of large coals, as further means of reducing the expense of 
consumption." 
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thence through the passage b^ entering the furnace by a single 
orifice c. It Is only necessary to observe^ that It would be 
Impossible that one-fourth part of the required quantity of air 
could there obtain access^ unless by so enlarging the orifice as 
to produce a cooling effect^ by Its then entering en masse. Mr. 
West state Bj that the Patentee " claims the right of using hot 
air for the purpose of consuming smoke, in whatever manner 
the air may be heated.'* Thia claim, it may safely be stated^ 
none will be disposed to dispute- 

It seems strange that these numerous advoCiites for the use 
of hot air, in ordinary boiler furnaces, have given no infor- 
mation as to the degree of heat which they would give to the 
air, nor the means by which this heat would be imparted to it. 
They have made no experiment to teat either ; neither have 
they given any grounds for supposing that the air, when heated, 
would be more effective* [This will be hereafter considered 
in a separate chapter,] 



liSg. 68. 
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Pig. 69. 




^^^i^^^^H^^^ 




Figs. 68 & 69. This plan, as in Fig. 68^ with the sectional 
view, 69^ is also taken from Mr. West's Summary, and is 
here introduced with the view of further pointing to the hot 
air, and ** smoke-burning '* fallacy. The following is the de- 
scription given by Mr. West: "The smoke, after having 
passed along the flues marked F, is intended to be caught by 
the fan H, before reaching the damper G, and, along with a 
sufficient quantity of atmospheric air, is propelled along the re- 
turn flue If into the enclosed ash-pit K, where it is again forced 
through the fire-grate C." It is not necessary to add any com- 
ment on what is so wholly opposed to chemistry and nature. 

The plans of Bruntan^s revolving grate, Juke^ moving bars, 
or Stanley's self-feeding apparatus, need not here be described.* 
There is in these no pretension beyond what they can perform ; 
each acts the part intended, and, wherever there is room for 
their introduction, and that the uniform amount of heat pro- 
duced by these means, falls in with the requirements of the 
steam engine, and the manufacturer, these will answer the 
desired purpose. 

• Stanley's apparatus was early applied on board the Dublin Steam Com- 
pany's vessel, the LiverpooL Independent of its inconvenient bulk, it was 
wholly defective, when applied to large furnaces, requiring the most active 
firing, and the irregular demand for steam incidental to marine boilers. 
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We must here observe that these plans are inapplicable to 
marine furnaces^ or where large quantities of steam, and active 
and irregular firing are required. 

The simple operation in these is, the keeping continuously 
a thin strcUum of fuel on the bars, and, consequently, an abun- 
dant supply, and even an excess of air, through it, to the gases 
generated in small quantities over every part of the fuel. 
Neither must we be led to suppose, that they efiect a more 
economical use of the fuel. 

In an an inquiry on the subject at the Society of Arts, 
much stress was laid on the annual saving by the use of the 
moving bars, at a large establishment in London. It appeared, 
however, that the saving arose, not from any more economic 
use of the fuel, or the generation of more heat, or by a more 
perfect combustion, but merely from the circumstance, that the 
mode of feeding the furnace, and keeping continuously a thin 
stratum of fuel on the grate, enabled the proprietor to use an 
inferior description of coal. 

In the case of boilers already constructed, it may be asked 
how they should be altered so as to admit the required supply 
of air. In land boilers, where the furnace doors are set in brick, 
they may easily be enlarged, and at a small cost, to allow space 
for the requisite number of orifices, the aggregate area of which 
should average five to six square inches for each square foot of 
grate-bar furnace, according to the description of fuel. 

In marine boilers, however^ the enlargement of the door end 
is troublesome. Where sufficient space cannot be obtained, it 
will be advisable, in addition to ad many half-inch orifices as 
can be inserted in the back plate of the close door box, or in the 
neighbourhood of the door, to introduce the ordinary perforated 
air-plate, as already shewn in Fig. 51. This was the mode 
successfully adopted, in the present year, in the mail steam 
packet, the Llewellyn. The boilers being new, and the maker 
not having allowed space sufficient for door-frame plates of the 
required size, the deficiency was supplied through the ordinary 
perforated box in the bridge. 

The boilers previously in this vessel were remarkable for the 

8 
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^eontihuous volame of dense smoke : the new boiler^ indepen- 
dently of the absence of smoke^ supplies more steam with a less 
consumption of coaL The contrast between the two modes of 
constructing furnaces^ is well exemplified in the following ex- 
tract from the report of Mr. Joseph Clarke ^ the Engineer of 
the Dublin Company, to whom this vessel belongs.* 




Fig. 71. 




In illustration of the alteration which should be made in ma- 
rine boilers^ Fig. 70 represents the usual mode of contracting 
the door end to the mere size of the door frame, as at a. Fig. 
71 represents the mode of enlarging the opening, both at the 

* ''The Holyhead mail steam packet, Uetoelfyn, havmg now been at work 
three months with new boilers, I have to transmit you the result of their per- 
formances. This vessel has two boilers ; one before, and the other abaft the 
engines. Their construction are precisely the same; each haying six fur- 
naces. Both have all their furnace fittings exactly the same. In order to 
put the smoke-prevention principle in contrast with the ordinary mode, the 
fare boiler was allowed to remain as it came from the maker, while the cfier 
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sides and above the doorway at i, to allow of the intro- 
duction of a sufficient number of half-inch apertures, as shewn 
in Fig. 72. It is here worthy of note, that as the ordinary 
mode of constructing the door end of marine boilers is difficult 
and expensive, as shewn in Fig. 70, the mode diewn in Fig. 
71 is so much more simple as to cover all the outlay for the air 
boxes shewn in the next figures. 

Fig. 72. 




Fig. 72 represents one of the modes adopted where the boiler 

one had the door frames of each of the furnaces (virhich are made with box 
mouth pieces) perforated with 149 holes, each /^ inch diameter, to admit the 
air. These not being suflScient, the perforated plate behind ihe bridge was 
added, in which there were 321 holes-— in all, 470. holes; the gross area of 
which is equal to about 5 square inches for each square foot of Gre grate. 
The result is, that the fore boiler gives out a continuous volume of dense 
smoke, and the after one none whatever. It is quite remarkable to see the 
steam blowing off from both boilers, and smoke only from one. I know 
nothing that could be more demonstrative of a principle than the contrast 
between the two boilers in this vessel. It attracted the attention of the pas- 
sengers, and I resolved, therefore, on leaving the two sets of furnaces as they 
are for some time longer, to afford the public the opportunity of seeing that 
smoke prevention is practicable. When the vessel can be spared, it is my 
intention to make the furnaces of both boilers alike.'' 
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had beeti ori^ncdly constructed to admii the required number of ori- 
fices. This has, been in successful operation for some years, 
and without requiring any repairs. In this plan it will be seen 
that air boxes are introduced at the sides and above the doorsL 
The air entering to the upper box at a, and to the side boxes 
at b h. (The left representing an outside, and the right an in- 
side view of the orifices.) In the centre is a sliding plate P, 
by which^ alternately, the right or left hand upper orifices may 
be closed, when either furnaces are about to be charged. 

As much stress has been laid on the yalue of having skilful 
firemen, it is important to shew in what their real duties con- 
sist. The annexed figures will explain the difference in effect 
between the right and the wrong mode of charging a furnace. 



Fig. 73. 




Fig. 73 represents the proper mode of keeping a uniform 
depth of coal on the grate bars ;— the result of which will be, a 
uniform generation of gas throughout the charge, and a uniform 
temperature in the flues. 



Fig. 73a. 
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Fig. 7Sa represents the ordinary mode of feediiig miurine 
furnaces: charging the front hidfaa high, and as near the door, 
as possible, leaving the bridge end comparatively bare. The 
result necessarily is, that more air obtains access through the 
uncovered bars than could be required ; thus defeating all ef- 
forts at introducing the proper quantity in the proper manner. 

One important advantage ariaisg from the control of the 
quantity of air is, that it enables the engineer to shorten the 
length of the grate by bricking over the after end of the bars, 
seeing that an unneccsaary length merely gives the means of 
letting an improper supply of air pass in through the un- 
covered bare. 

The facility with which the Btoker is enabled to counteract 
the beat arrangements, naturally suggests the advantage of m^ 
chaniad feeders. Here is a direction in which mechanical skill 
may usefully be employed ; — the basis of succesSj however, 
should be the aastaining at all times the uniform and sufficient 
depth of fuel on the bars. 

Although the combustion of the gaees in locomotive boilers 
does not came witliin the scope of these remarks, the peculi- 
arities of the boiler, as shewn in Fig* 74, fu*e so illustrative of 
the principle of admitting the air through numerous orifices, 
that it hero merits attention. 



Fig, 74, 
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Fig. 74. This plan of boiler is the intention of Mr. Dew- 
rance, when Engineer to the Liverpool and Manchester Bail- 
way Company, and was adopted in their locomotive^ the Condor. 
By this arrangement he was enabled to use coal instead of coke, 
and with entire success. It will here be seen that the air en- 
ters from a separate passage to a number of vertical perfo* 
rated tubes, from which it passes to the gas, in a large mixing 
or combustion chamber, through numerous small orifices. The 
result is, immediate diffusion and combustion. The deflecting 
plate, to a certain extent, counteracts the short run, or distance 
to the tubes.* 

In concluding these observations on the'various modes of in- 
trodudng air to the furnaces, it is only necessary to add, that 
by attention to what is here stated, manufacturers may become 
independent of '^ smoke-burning " patents. All they have to 
do is, to imitate, as near as possible, the piinciple of the com* 
mon Argand gas burner. Let them introduce the air by nume* 
raus small orijices to the gas, in thefurnacey as the gas is introduced 
by small orifices to the air in the lamp. They want no aid from 
any patentee. Let them begin by having as many half, or 
even three-quarter, inch orifices, with inch spaces, drilled in 
the door and door frame, as possible. If the furnace be lai^e, 
and the door-plate frame is not sufficient for the introduction c^ 
the required number of holes, let them introduce the perforated 
plate in the bridge, as shewn in Pig. 51, and as described by 
Dr. Ure in his Dictionary of Arts, last Edition, title, ** Smoke 
Nuisance." 



* A, deflecting plate ; B, oombastion cliamber ) C, common coal &te ] 
D, cold air passage. 



CHAPTER VIII. 



ON THE PROVIDING ADEQUATE INTERT!^AL SUEFAOE 
FOR TRANSMITTIKa THE HEAT TO THE WATER 
FOR EVAPORATION, 

Ok this tead, marine boiler-^makers content themselves with 

calculating the groaa internal superficiea ; and having provided a 
given nnmber of square yards, of so called heating surface^ they 
consider they have done aU that is necessary for providing an 
adequate supply of steam. 

This might be sufficient, were there any ground for assuming 
that a square yard of surfucej possessed a given evaporative 
power. Nothings however, can be mora vague, andj practi- 
cally, more deceptive, than the supposed heat^-producing value 
of a square foot of grate-bar ; or the heat-transmitting power 
of a square yard of internal surface > both being, momentarily, 
subject to numerous influences connected with time, tempera^ 
ture, current, and position ; and the ever vmrying admiasiou 
and action of the air. 

At present^ practice and theory are utterly at variance on 
this matter. Take, for instance, the separate surfaces of the 
fire-box: and tubes of a locomotive boiler j a square-yard of 
the latter having but one -third the evaporative effect of one 
in the former. Indeed, many instances might be given, of the 
evaporative effiect being increased, by the removal of many entire 
tiers of tubes, and even by a large diminution of the gross area 
of surface. 

As to general efficiency, ihttjiue system is capable of supply- 
ing all that can be required, while it is free from the anomalies 
incidental to the multi-tubular plan. When larger quantitiea of 
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steam are required for larger en^nes, this can be best obtained, 
not by additional tiers of tubes, but by extending the areas and 
length of run ; thus increasing the number of units of time^ dis- 
tance, and surface, along which the heat-transmitting influence 
may be exerted. It is a mistake then to suppose, that the 
mere providing a large aggregate of surface, can compensate for 
deficiency in the run, or the want of sufficient time. The 
heated products, will not, and cannot be forced instantaneously 
to spread themselves over the aggregate of surface that may have 
been provided. 

Among the influences which affect the transmitting power of 
any ^ven surface, none are greater than the velocity of the cvr- 
rent through the flues. The products of combustion being at a 
high temperature, are found to take the nearest, hottest, or shortest 
course to the funnel, — entering the lowest tier of tubes first, — 
regardless of whatever surfibce may. have been elsewhere pro- 
vided; in fact, passing through but a limited number of their 
ranges. 

It is an error then to suppose, that by presenting additional 
series of tubes, we can compel the gaseous products, hurrying to 
the funnel, to occupy them, or go out of their way, to take the 
course we may please to dictate. With equal consistency 
might we expect that the rapid course of a river stream would 
be eased by providing additional surface in some adjoining dis- 
trict ; but through which the direction of the current would 
not lead it. Lineal distance, or length of run, along which the 
heated products pass, is the most important, though the most 
neglected, element in the calculation of surface. 

Among the modes of providing adequate internal surface, 
none have led to greater errors than the endeavour to make 
smaller and shorter boilers do the duty of larger ones, and 
supply steam for larger engines, by the adoption of the multi- 
tubular system. The result has been, a less perfect combus- 
tion ; a larger development of opaque smoke ; a greater waste 
of fuel and heat; and a more dangerous application of it. 
Where increased power was employed, and a larger supply of 
steam was required, instead of providing a corresponding en- 
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largment of the boilers/ engineers have inconsiderately adopted 
the locomotive tubular principle^ apparently for no other reason 
than that it was smaller y but without considering the irrecon- 
cileable differences in the two services, and the peculiarities 
incident to each. Not finding that the enlarged aggregate in- 
ternal tubular surface produced the expected increased quantity 
of steam, they had recourse to the other alterative — the enlarg- 
tng the areas of the furnaces^ and increasing their number — the 
generation of the steam ahnost exclusively depending' on the 
plate surface in connection with them. 

The adoption of the tubular syetem ux marine boilersj was 
also accompanied by this anomalous proceeding 5 that while the 
areaa of the furnaces and grate-bars were enUtrged^ more fuel 
necessarily consumed, and more gas generated, nevertheless, 
the time and diiiance allowed for the transmission and absorp- 
tion of the increased quantity of heat generated, were both 
actuaUg diminished^ 

It is clear, therefore, that in these arrangements all the re- 
quirements of nature were disregarded* All merged in the one 
consideration — the diminishing the size of the boiler, increasing 
the area of the furnaces, and providing a larger aggregate internal 
mtrface by the tubular system- The question, indeed^ seems 
never to have been raised, whether that additional surface was 
ever, or to what extent, brought into action.* 

* Under the head of " Want of general principles m the constmction of 
marine boilers," Dr. Lardner justiy observea^ " There cannot be a more 
striking proof of the ignorance of general prineiplea which pfevails respecting 
this branch of ateam engineering^ than the endless variety of forms and pro- 
portiona which are adopted in the boilers and furnaces which are cons trnc ted j 
not only by different engineers, bat by the same engineers, for etisamera of 
like power and capacity, and even for the same steamer at difterent times." 
He then adds, "The original boilers of the Great Western built for the New 
York and Bristol voyage, was oUhe flue sort; these were anbsequently taken 
out and replaced by tubulur boilers ; tbe dimensions and relative proportions 
of these two seta of boilers were as follows," — He then gives in detail all the 
particnlars, tlie leading points of which are as follows ; — observing^ that '^this 
vesf^l was less efficient with the second set of boilers/' 

OrJflnal ftoiler, Sflconel Eoit^r^ 

Nomiod horse power , , 400 400 

Total heating surlace * , 3840 square feet. 7150 square feet. 
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As to the importance of time and distance, in connexion with 
snrPace, it is only necessary to point to the length of the flime, 
in ordinary boilers — ^that being an unmistakeable evidence of 
the dwraJtion of the process of the combustion of the carbon; and 
which process cannot be interfered with^ unless by the loss of 
that heat which would have attended its completion. 

The following experiment will give a suffidently correct 
yiew of the duration of this process^ and what ought to be the 
distance* and surface allowed to take up the heat. In this case^ 
the boiler was 15 feet long ; the furnace 4 feet 3 inches, with a 
returning upper flue* The air was properly supplied, the 
combustion perfect, and no smoke generated. 

Time, Length of flame after 

afreth charge. 

After 5 minutes, 10 feet from the bridge. 
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40 


99 
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During the last 10 minutes the flame ceased to be that of 
coal-gas (carburetted hydrogen), and had become that of coke- 
gas (carbonic oxide). There could be no mistake in this, the 
colour and character of the two gases being so different and 
well defined, as may be clearly observed through the sight 
holes, placed opposite the furnace. 

Had this been a tubular boiler, the run from the furnace to 
the funnel, instead of being 36 feet, would not have been one- 
tenth of that distance. The flame, which at one time we see 
extended to 22 feet, must necessarily have been violently cut 
short and extinguished ; or its heat expended in the chimney. 
The atoms of carbon would have been converted from the in- 

This IB Bufficient to prove the fallacy of a large aggregate of heating sur&ce. 
ThefirBtboiler, which was a good Bteam producer^had 9 square feet per horse- 
power; the second, the tubular one, about 17 feet — nearly double — yet the 
generation of steam was inferior in the latter. 
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candescent state of flame into the black element of smoker 
heat^would have been lost to the boiler, and the tabes would 
have become lined with the non-conductor soot. 

If the flame passing from a {umace be dear, the combustion 
may be considered as completCj and the full measure of heat 
obtained from the fuel — the pyrometer indicating the available 
amount of that heat. Mr. Dewrance states, respecting a land- 
boiler^ properly fitted with the perforated air distributor: — 
*' We have a clear flame along the flues to the distance of 30 
feet from the fire, and the flues at that distance are quite hot 5 
previously to the admission of air in the proper manner, this 
part was quite cold," Now, had this been one of the usual 
short marine tubular boUers, what would have been done with 
this flame J or the heated products passing from it ? and of what 
avail would have been the surface of the aeries of small tubes ? 
It is manifest J then, that this question, as to the length of the 
flame, and the demand for time and distance, was not suffi- 
ciently considered^ when the tubular system was introduced into 
marine boilers, using cocd^ in imitation of the locomotive using 
coke, 

Mr* A the r ton considers, that in tubular boilers, '* the gases 
are so minutely sub^divided in their passage through the tubes, 
that whatever amount of heat may have been generated, ia 
rapidly communicated to the water." Now this fact of s«6- 
dlvhion produced by the forced entrance into small tubes, 
becomes the very source of loss of that temperature which is 
essential to the generation and continuance of flame. Whatever 
heat had been generated by the flame, on its arriving at the 
tubeSj and on being forced into their narrow orifices, instead of 
being available, would be virtually sacrificed, and but little, if 
any, left to be '* sub -divided in its passage ;'* since, as has been 
well ascertained, the temperature within the tubes, where the 
black smote prevails, is frequently not sufficient even to injure 
paper or shavings* In truth it is only when the fires are dear, 
and the fuel incandcBcent, that there is sufi^cient heat in the 
tubes to generate any steam* This ** minute sub-dividing" of 
the heat, then, is only correct as regards the locomotive^ wlicre 
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coke alone is usedy — ^where there is no carburetted hydrogen gas^ 
— and no fuli^oos flame is generated. 

Again, in addition to the heat obtained by direct radiation 
from the flame, we have to consider that large quantity which 
would have been given out by the gases, if their combustion had 
been completed. It may here be observed, that it is the obtaining 
the service of the heated products by an adequate run of flue, 
with sufficient time and surface, that characterizes the Cornish 
boilers. In these the main feature consists in generating, by 
slaw combustion, no more heat than can be taken up, and trans- 
mitted to the water. In this respect, then, it is the direct 
reverse of the tubular system. In the former, there is slow 
combustion, — a ^continuous small development of combustible 
gas, — a long run, — abundant absorbing surface, — a moderate 
rate of current, — free access of the water to the flues, — and 
sufficient time to enable the surface plate to do its duty ; — 
added to the adoption of every possible means of preventing the 
loss of heat, externally, by clothing the outside of the boiler. 

In the marine tubtdar boiler^ on the other hand, every thing 
is the reverse. There is the most rapid combustion, — the 
largest and most irregular development of gas,— a rapid cur- 
rent, — a short run, — a restricted and imperfect circulation of 
the water, — and a total inadequacy of time for the transmitting 
and absorbing processes, with a great waste of heat by radiation 
from the boiler. 

Another serious evil of this tubular system, and its short run, 
which carries the heat away so rapidly, is, the over-heated state of 
the funnel and steam chest ; and the consequent danger to the 
part of the vessel in their immediate contiguity. 

The cause of such heat in a situation where it can be of no 
avail for the purposes of evaporation, has not been sufficiently 
inquired into. To this circumstance, without, doubt was 
attributable the destruction by fire of the Amazon steam ship. 
The excessive heat of the lower part of the fxmnel, the take-up 
and steam chest, — both of which were in that vessel under deeh, 
-—created a source of danger which does not exist in vessels 
where both are above the main deck. 
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With reference to the availabiUty of the tubular surface^ 
even the horizontal position of the tubes, and theu* being ranged 
in tiers above each other, is peculiarly unfavorable. The lower 
tiers presenting the nearest opening for the escape of the heated 
gaseous products, are first occupied, and at an accelerated rate 
of progress. 

Mr. Atherton has given this subject his attention, yet he has 
overlooked the chemical influences which sub-division^ by means 
of tubes, exercifies on flame- *^ The flue system,'^ he obaervesj 
*^ is more favorable to the eflecting a perfect combustion of the 
fuel, than the tubular," This ia true ; but when he adda, that 
*' the tubular system is more favorable to the due transmission 
of the heat to the water in the boiler/' this is not borne out in 
practice. 

Mr, Atherton, however, has given the roost convincing proof 
of the waste and danger of the tubular system. Speaking of 
the combustible gases evolved from coal, he observes, that 
" after having passed through the tubea, the proceeds from all 
the different furnaces become collected in the up-take and 
funnel; and being there combined and mixed together, Urn/ 
hirst into useless cmnhisfmij fre4pmitly making the fnmiel red Iwi" 
Tills is unquestionably true, but it only shews that the mmhidi- 
hle gmm must have pmsed through the tubes nnconsmmd; and 
having, in the smoke box, encoimtered the air (which should 
have been supplied earlier), " thm burst info ttseles^s cmnbiisikm/^ 

But there ia a more important reason for the large ** sectional 
area" in the flues which has not been referred to by writers on 
the subject, vix., that it is absolutely essential^ chemically, to 
the completion of the proceas of combustion and the disposing of 
the prodticts^ of which water is so large a one^ as will be shewn 
hereafter. 

In calculating the effective surface, then, it should be taken 
with reference to the U^igth of the toady so to speak, along which 
the heated producta have to travel in their hurried course, 
rather than to the breadth, or ejilarged arms^ which may be, 
laterally f or accidentally provided, but which are practically not 
used or available. 



CHAPTER IX. 



OP FLAME, AND THE TEMPERATURE REQUIRED FOR 
ITS PRODUCTION AND CONTINUANCE, AND ITS 
MANAGEMENT IN THE FURNACES AND FLUES. 

The consideration of the nature of flame would appear to have 
belonged to the first part of this Treatise, where the relation 
which bodies have, chemically ^ to each other, are examined; 
rather than to that of their fractkal application in the furnace. 
In the present case, however, they are so intimately connected, 
that it seemed impossible to do justice, either to chemistry or 
practice, by treating the one apart from the other. This will 
be the more evident as we proceed. 

Treating of the temperature required for the combustion of 
carburetted hydrogen gas, is virtually treating ot flames which 
is the first product of that combustion. On this subject we 
may take Sir Humphry Davy as our guide, as he made it an 
object of such special inquiry. In his '* Researches on Flame," 
he observes, *' I shall proceed to describe the origin and progress 
of those investigations which led me to the discovery of the 
principles by which flame may be arrested and regulated. I 
first began with a minute chemical eocamination of the svhstances 
with which I had to deoi!'* So far from adopting the same rational 
course, though dealing with the same subject, writers of the 
present day begin with calculations respecting the proportions of 
the vessels^ into which the several substances are to be intro- 
duced, while they omit the ** chemical examination of the substance^^ 
themselves. 

Having, after numerous trials, ascertained the volvme of air 
required for the combustion of the gas, he next treats of the 
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temperature required for the production of flame ; that is, for 
igniting the given mixture of gas and air, which he calls an 
^* explosive miodure.^ ** This mixture," he observes, ** was not 
exploded, or fired, by red hot charcoal, or red hot iron; it 
required the iron to be white hot for its inflammaltion.'' 

That this heat is required for the ignition of the first mixed 
group of gas and air to which it ia applied, we have daily proof, 
when^ to light the gas in our apartments, we apply the heat of 
a separate fiame before ignition takes place* This is confirm- 
atory of the high temperature described by Sir H. Davy, since, 
as he observes^ ''the temperature of white hot metal is far below 
thai qfjlame^^ Now, in lighting the gas from our bumerSj we 
are apt to overloot the all important factj that it is not tJie gas 
which we ignite, but th^; mixture of gas and air. On the taper 
being applied, explosion, or audden ignition, then takes place of 
just so muck, or so many groups^ of the gas and atrj a^ have ohtaimd 
the necessary aiomic cmUact^ and no more. 

That a high temperature must, unintermittingly, be main- 
tained in the chamber part of the furnace, will at once be under- 
stood, when we consider, that flame, continuous though it appears 
to be, is but a rapid succession of electric explosions of atoms, 
or groups of atoms, of one of the constituents of the gas — the 
hydrogen with oxygen ; and as rapidly as their respective 
atoms obtain access and contact with each other i the second 
constituent — the carbon — taking no part in such explosions. 
Whatever, therefore, interrupts this succession ; (that is, allows 
the explosion of one group to be terminated before another is 
ready, and within the range of ita required temperature), virtu- 
ally causes the flame to cease ; in ordinary languagCj puts it a«#» 

Again, if by any cooling agencg we reduce the temperature 
below that of accension, or kindlings the effect is the same: 
ike successio^i is broken^ and the continuousness of the flame 
ceases ; as when we blow strongly on the flame of a candle, by 
which we so cool down tho atoms of gas that they become too 
cold for igniikmj and pass away in a grey-coloured vapour j but 
which, by contact with a lighted taper, may again be ignited, 
and the succession restored. 
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Thus we see there are two modes by which flame may be 
interraptedy that is extinguished; both of which are momen- 
tarily in operation in our furnaces. 1st. By the want of suc- 
cessive mixture or groupings of air and gas. 2nd. When the 
gas is reduced in temperature by cooling agencies, as will here- 
after be shewn. 

Luminosity is neither an element nor an incident of flame. 
It is merely the result of the presence of some other and solid 
matter — the degree of luminosity being in proportion to the 
quantity and temperature of such solid matter. In the combus- 
tion of coal gas, flame is caused by the union of the hydrogen 
with atmospheric oxygen, the heat produced being intense, 
raising the carbon, if present, to the state of incandescence, and 
producing the effect of luminosity. Here we may admire the 
wonderful adaptation of nature to human wants. Without the 
hydrogen, there woidd be no heat; and without the carbon, 
there would be no light. The luminosity of the incandescent 
carbon, then, is the mere result of that high temperature which 
is essential to its own subsequent combustion, or chemical union, 
with oxygen. 

Let this fact, then, be borne in mind, as it indicates the 
cardinal point of the whole process in our furnaces^ namely, that 
it is not the gas, but the mixture, the compound of gas and air, 
that is ignited, and which produces the flame, with its heat and 
luminosity. 

This necessary condition of mixture clearly exposes the error 
of supposing that the gas may be ignited or consumed by being 
made to pass over, or in connection with the red hot fuel. Sir H. 
Davy has shewn that no degree of heat will consume gas^-^ 
combustion being, not the heating the gas, but the chemical 
union of its constituents with the oxygen — mixing being but the 
preliminary operation of bringing those constituents and the 
supporter of combustion into atomic contact, or within the 
sphere of chemical or electric action. 

The two essentials of combustion being laid down by Sir H. 
Davy, viz. — temperature and contact, he then considers the ma- 
nagement or treatment of the flame, and the means by which 



mmmtmmmmmmmmmmm 



12$ 

it may be effected or extingtdshed. He states^ that on mixing 
one part of carbonic acid with seven parts of the mixture of gas 
and air; or one part of nitrogen with six parts of the mixture, 
their powers of explosion were destroyed^ — that is, ignition was 
prevented. Here is a fact never to be lost sight of, inasmuch as 
its application is called for in every stage of the process in our 
furnaces and flues. 

Again he observes: ^^If combustible matter requires a high 
temperature for its combustion, it will be easily extinguished by 
rarefaction or by cooling agencies, whether of solid substances, 
or of incombustible gases." This is highly instructive ; yet, the 
supplying these very means for extinguishing the flame are the 
characteristics of the tubular system, namely — ^** destroying the 
high temperature by rarefaction, cooling agencies, and mixing mth 
incombustible gases^ 

On examination of what passes in furnaces using coal, we see 
the direct connexion between its effect, and what Sir H^ Davy 
so clearly points out as the means of extinguishing thefloume^ On 
looking into a/t«e loHer from the back end, a body of flame will 
be seen flashing along from the bridge, and if air be properly 
introduced, extending a distance of 20 to 30 feet* This is the 
appearance which has to be sustained until the process of com- 
bustion be completed, if we would have the full measure of heat 
developed. 

On the other hand, looking into a tvhvlar boiler, across the 
smoke-box, the light of the flame may be seen through the 
tubes; but, on entering their oriflces, or at a short distance 
within them, it will appear to be suddenly cut short and extin- 
guished, and converted into smoke, as shewn in Fig. 75. 

The distance, then, to which flame will penetrate tubes, before 
being extinguished, will depend on the rapidity of the current, — 
the size of the orifices, — and the quantity and character of the 
gaseous products, entering in company and in contact with it. 
These products are — 

From the coke . . carbonic acid and nitrogen. 
From the gas . • carbonic acid, nitrogen, and steam. 

Here we have the very incombustible gases referred to by 
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Sir H. Davy,— not even in small, but in very large quantities,— 
forced into the most intimate possible mixture with the flame* 
The result necessarily must be, the reduction of its temperature, 
and consequent extinguishment. 

Impressed with the importance of the connexion between 
temperature and ignition, Sir H, Davy dwells on the fact, and 
repeata, that " flame, whether produced from the combuBtion of 
iarge or m^mU qumitiiits of explosive mixture (gas and air), may 
always be extinguished or destroyed by c-Qolhi^ {igemies ; and, 
in propm'Umi to the limi required to carry on combust ion j so it is the 
77iore easily (kst^royed,^^ 

Again J he observes ; — " In reasoning on these phenomena, it 
occuirred to me that the effect of carboDic acid and nitrogen, 
and of the surfaces of small tubes, depended on their cooling 
powers ; upon their lotamn^ tM iemperatnre of the exphding mix- 
ture so much J that it wa^ no longer sufficient for its confimtoiL'i 
inJimn7naiion.^^ It is impossible that words can be more explicit, 
or more applicable, and cautionary, as to the consequences of 
bringing these incombustible gases into contact with flame- 
Yet this mixture, and these cooling agencies, are promoted in 
the most palpable manner and to the greatest extent^ by forcing 
the flame, fogdhtr mth these gase-s^ to enter the hundreds of long 
narrow metallic tubes, with their small orifices ; — thus dividing 
into numerous films, and destroying the body and intensity of 
the heat, which should have been preserved ; eincej as he ob- 
serves,—" th^ Iieat conmiunicuied hyfinne miist depmd on its mass.'*^ 

Under the circumstances of an ordinary^;*? boiler, if the flue 
be of sufficient area, the products of combustion sf^orate them- 
selves^ as seen in the flame of a candle, and as will hereafter be 
shewn. So, in the flue, the hottest portion, and the flame itself, 
will take the upper part, thus avoiding that unnatural mixture 
with its own incombustible products— carbonic acid, nitrogen, 
and steam ; but which in the tubular system are again forced 
into contact with the flame from which they had separated 
themselves. 

That the temperature within the hihts will be reduced below 
that required for continuous ignition, may be tested by looking 
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into them through Apertures acroed the smoke-box end, or by 
introducing shavings or paper fixed to the end of an iron rod. 
In most cases (unless when the fuel on the bars is clear) the 
paper may be passed in and withdrawn, blackened with soot, or 
unscorched, according to the state of the furnace, indicating 
the low temperature within the tubes, and their utter useless- 
ness as steam generators. Fig. 76, 

In speaking of the evils of the tubular ^i^. 
system, these remarks have no reference to n^^^^ 
its application in locomotive boilers, where x ^^ 
coke alone is used, and for this self-evident 
reason, that no hydro-carbon gas or fuli- 
ginous flame has there to be encountered. 
In the tubes of the locomotive there is, in 
fact, no chemical or practical reason why the 
heat may not be abstracted from the pro- 
ducts with the greatest rapidity. 

With reference to the size and sectional 
area of the tubes, we even deceive ourselves 
as to what that area practically is. When, 
for instance, it is intended to give an area 
of 2 or 3 inches, it will not be sufficient 
merely to provide tubes of 2 or 3 inches 
diameter. Allowance must be made for 
the efiect produced by the rapidity or pres- 
sure of the body, (whether it be flame, gas, 
air, or water,) forcing an entrance into a 
restricted orifice. The true and avdlable 
area, that which directly influences the mix- 
ing operation of the several bodies simul- 
taneously forcing themselves through the 
orifices, will then be, not as at a in Fig. 76, 
but as at a'. Thus, in effect, a tube of 
three inches of internal area will prac- 
tically have one of but 2J or 2 inches, 
and so in proportion to the size of the tube, and the amount of 
pressure exercised by the current. So little, however, has this 
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been considered^ that not unfirequently the ferrule, or iron ring 
by which the tubes are fastened to the face-plate, is inconsider- 
ately placed within their orifices; thus still more seriously con- 
tracting the working area. 

Looking, then, at the practical effect of these numerous 
narrow orifice Sj and the diminution of the temperature, conse- 
quent on its diyiaion, it would be Impossible for ingenuity to 
bfive devised a more perfect mechanical mode of effecting that 
rapid and intimate contact between the flame and the incomhus~ 
tible gasesy described by Sir H, Davy as being so injuriouB to 
the continuing high temperature of that flame, and, in a word, 
so effectiye in its extinguishment. 

The inference which this inquiry leads to as regards the high 
temperature re quire dj^ — -lat, for the ignition, and 2ndly, for the 
sustained existence of flame is, that the tubular system is che- 
mically, mechanically, and practically a destroyer of both* 
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CHAPTER X. 



OP THE CIBOULATION OF WATER IN THE 
BOILER. 



^; "^"^v This important branch of the subject — ^promoting 
circulation in the water in evaporatiye vessels — 
appears to have hitherto received but little atten- 
tion ; yet promoting circulation is virtually pro- 
moting evaporation. Mr. Perkins proved by 
numerous experiments how much evaporation was 
increased by an unembarrassed action of the as- 
cending and descending currents of the water: 
since then, no further effort has been made in 
that direction. If sufficient space be allowed for 
the action, the ascending and descending currents 
will of themselves take such directions as are 
most favourable for their respective function, as 
in Fig. 77, where an ascending current is seen in 
the centre, and a descending one on the sides. 

Dr. Ure observes, " when the bottom of a ves- 
sel containing water is exposed to heat, the lowest 
stratum becomes specifically lighter, and \& forced 
upwards by the superior gravity of the superin-- 
cumbent colder and heavier particles.^^ Here we have the 
correct theory of circulation : no particle, or stratum of water 
or steam, (whatever may be its temperature,) being able to 
ascend, or change its position, until some colder or heavier 
particle is present, to take its place and ^^ force it upwards.^ 
This is the rationale of all motion in gaseous, or fluid bodies^ 
arising from the mere difference of spec^ gravities. Thus, when 
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we speak of atoms ascending, we must be considered ad 
meaning their being ^^ farced upwards!^ — ascending being a 
Compulsory, and not a voluntary, act This elementary view of 
the motion should be kept in view, as it is the basis of all that 
follows ; and as we are too often led astray when considering 
the dscending body of steam or water, but neglecting that 
descending body by which it is to be ^^ farced upwards.'^ 

In the case of solids, heat passes from atom to atom by can- 
ductiauy — no perceptible change taking place in their relative 
bulk, weight, or position. In the case of a fluid, the entire 
mass being put into motion by its ihtestinal currents, circulatioA 
is continued, and ultimately the temperature of 212^ is obtained, 
which has been termed the boiling point. 

We have now to examine the class of motions and currents 
which are the result of this boiling operation. If we could 
suppose that there was no motion among the particles of water 
during the act of boiling, and that the atoms of steam alone rose 
to the surface on being produced, — in such case, circulation 
would be unnecessary, and the contraction of the water spaces 
in boilers would be a matter of no importance, as water would 
then be always present on one side of the plate to receive the 
heat transmitted through it from the other: such a state of 
things, however, is contrary to the laws which influence the 
change of temperature in fluids. 

So far as regards the motion in water, previous to ebullition, it 
has been commented on by all writers on the subject The act 
of boiling, however, creates a species of currents of an entirely 
different and important character. These have not received 
due attention, yet they are the most important, inasmuch as 
they influence not only the amount of evaporation, but, as will 
be shewn, the durability of the boiler itself. 

With reference to the movements among the particles in 
water, it is a mistake to suppose they will descend in the same 
vertical lines in which they had ascended, as a shower of rain 
would through the opposing atmosphere. Such a direction 
would be impracticable on account of the resistance of the 
ascending currents of both steam and water, caused by ebulli- 
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tion. This may be illustrated by the annexed drawings. Fig. 
78 represents a supposititious case of the particles of water on 
reaching the surface^ turning and descending in the same 
vertical lines in which they had ascended. Fig. 79 represents 
the ascending particles of yf2ktex flowing along the surface to the 
coolest and kast obstructed part for their descending course^ This id 
what takes place in all boilers. 



Fig. 7a 



Fig. 79. 
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When heat is first applied to water, the uniformity of the 
motion is the mere result of diminished specific gravity, that being 
then the sole motive power. After ebullition, however, a new state 
of things is created. The columns of rising steam obtain great 
physical power, violently and mechanically forcing upwards the 
water which comes in their way. Vertical streams are thus 
induced, putting in motion a body of water far greater than would be 
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required for merdy taking the place of thai which had been converted 
into steam. Now^ as bodies or streams of water^ commensurate 
with these continuously forced upwards, must necessarily return 
to prevent there being a vacant space, it is for these returning 
or downward airrentsy of what may be called surplus waier^ that 
we are called on to provide both space and facility* 

The difference in the character of the currents before and after 
ebullition are shewn in the annexed figures. These may be 
weU observed in a glass vessel, of the shape here indicated, and 
about 4 or 5 inches wide, suspended over the flame of an 
Argand burner. Fig. 80 represents the imiform motion which 
takes place before ebullition. Fig. 81 represents the water after 
ebullition in its descending and revolving current&y forcing the 
rising columns of steam a^defrom their vertical course, as marked 
by the arrows. These motions, which are not perceptible if the 
water be free from foreign matter, will be seen on throwing in 
a great number of small bits of paper, sO as to occupy all parts 
of the water. The entire mass will then be exhibited in violent 
and revolving currents — the ascending steam occupying one 
side, and the descending body of water rapidly descending in 
some other part, but manifestly occupying a much larger area of 
the vessel than the ascending portion* 



• The extraordinary body of water forced upwards, and the important 
effects produced by the induced currents, manifestly required further investiga- 
tion; As they exerted a great influence on the amount of circulation and 
evaporation, I pursued the inquiry into the cause of these currents upwards, 
and the increased body of water which necessarily required facilities for a 
downward current. The result of these experimental investigations was 
ascertaining thsU; the prevailing theories respecting vaporization, ebullition, 
and evaporation, were entirely erroneous. In fact, that this important branch 
of the subject had not been duly examined, and that the causes of those 
peculiar movements in water had hitherto escaped observation. Here, then, 
is an unexplored and interesting field of inquiry, which will amply repay the 
labours of future investigators. In the event of its not being undertaken by 
others, I propose hereafter giving the result of my inquiries in a separate 
treatise. 
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Fig. 80. 



Fig. 81. 
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So great is the ascensional energy and velocity of the rising 
steanij and the extra water forced before it, that numerous 
globules are borne along by the current, and carried even 
downwards. These may be observed at A, Fig. 81, in their 
slow oscillating motion, struggling to return upwards through 
and agiunst the force of the descending water. These move- 
ments are highly instructive, and should be well examined, 
since, without an accurate knowledge of them, we cannot have 
a right conception of what is required for giving a due circula- 
tion to the water, and arranging the flues and water spaces in 
boilers to enable those motions to be completed. 

The influence exercised by the descending body of water 
was strikingly illustrated in an experimental tin boiler, 12 
inches long, with a single flue running horizontally through it, 
the water being heated by the flame of a large laboratory gas 
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lamp. The boiler being open at the top, the movemeiits of the 
steam and water were thus ascertained, as shewn in Fig. 82. 
So soon as the ebullition became strong, the water spaces round 
the flue appeared insufficient to allow the steam to ascend, and 
the water to descend, equally on both sides. The consequence 
was, that much of the water forced up bj the steam on the one 
side, was carried over by its violence, and descended on the 
other, thus making a circular course round the flue, and forcibly 
carrying along with it much of the steam that came in its way. 
This circular motion is shewn by the dotted arrows represent- 
ing the steam, and the pl^n arrows, the water. 

Fig. 82* 




With the view of observing the injurious consequences of 
restricted water-ways, a very useful class of observations may 
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be made by u^ng a tall narrow glass as in Fig. 83, attached to 
a tin or iron vessel, with a flat bottom, to receive the heat from 
an Argand burner, or spirit lamp. 

Here the descending toater is so obstructed by the joint 
columns of ascending steam and water y that both are thrown into 
great confusion : — their respective currents continuallj changing 
sides, and the progress of evaporation considerably delayed. 
We here obtain a clear practical view of what must take place 
between the flues or tubes of boilers, with their usually restricted 
toaJter-ways. 

Fig. 83. The violence and intermittent action which 

ensues where separate channels or sufficient space 
are not available, will be well illustrated in the 
following experiment: Fig. 84 represents two 
long glasses, each 2 inches wide by 18 inches 
long, A and b connected by means of a tin ap- 
paratus C and D, at top and bottom, leaving the 
communication open above and below ; the whole 
being suspended over a fire, or circular series of 
gas jets producing a strong heat. On the heat 
being applied, a current of mixed steam and 
water will be seen ascending in one glass, and 
descending in the other, as indicated by the 
arrows. There being here no confusion or col- 
lision, a state of things will be produced highly 
favourable to the generation of steam ; the colder 
water finding easy and continued access to the 
heated bottom of the vessel at e. 

If, however, the communication between the 
two glasses be cut off by inserting a cork or plug 
in one of the glasses, as seen at f. Fig. 85, the 
circulation in glass B will be suspended, and the 
glass A will then have the double duty to perform 
of allowing the rising steam to reach the surface, 
and the descending water to reach the bottom 
at E. The previous uniform generation of steam 
will then be succeeded by an intermittent action. 
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Fig. 84. 
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Fig B6. 
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explosive violence alternating with comparative calm and in- 
action, clearly indicating that the latter is only the interval of 
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accumulating f<xrce to be discharged by the former. The 
rationale of this intermittent action is, that the water being 
obstructed in its descent^ the steam is necessarily delayed or 
accumulated in the lower chamber, and only discharged at 
intervals. The motions exhibited in these intermittent changes 
are little understood, and have not been examined either 
scientifically or practically; yet this branch of hydrostatics 
merits the most serious investigation in connexion with the 
construction of large boilers. 

Again, this accumulated steam getting sudden vent is 
discharged with great violence, literally emptying both the 
glasses and lower chamber. Au equally violent, but more 
sudden, reaction of course follows, and a large body of colder 
water as suddenly rushes down to fill the space vacated. An 
interval will then necessarily be required to raise the tempera- 
ture of this large supply of colder water, and restore the 
previous state of ebullition. 

Here, then, we have a natural and physical cause for the 
intermittent action on the small scale which takes place in 
boilers on the large scale, where free circulation is impeded by 
the want of adequate space. Here also may be seen the true 
source of priming in boilers where the act of ebullition is 
violent. 

In this experiment, although there was nothing to intercept 
the steam and water in their ascent, the intermittent action 
continued at intervals of one or two minutes. At each irrup- 
tion, the steam and water were forced to a considerable height, 
and on its return, striking downwards into the vessel, shaking 
the apparatus with such violence as apparently to threaten its 
destruction, the blow received internally being accompanied 
with a noise as if a heavy body had fallen on the floor. From 
the great violence and explosive character of the ascent, when 
the intermittent action occurred, it was manifest that had the 
vessel been a close one, no safety-valve would have been suffi- 
cient to relieve the outburst of these irruptions. 

The wholesome action of a safety-valve depends on a supposed 
uniform and progre^sive increase of volume and pressure of. 
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the steaoi ; jet, practicallj^ nothing of the kind takes place : 
all is intermittent, indicating a succession of eruptive efforts 
in discharge of the accumulated steam. In truth, after ebulli- 
tion has begun, the whole process is intermittent, — ebullition 
itself is an intermittent, but hitherto unexplained, action. 
Here then we have a practical exemplification of at least one of 
the causes of these explosions which have latterly become so 
frequent. These experiments were repeated with niunerous 
alterations in the relative length and diameters of the glasses, 
each presenting some new phase of the process of vaporization, 
indicating that a highly important field still remained for 
investigation, and bearing practically on the subject of the 
areas required for the efficient circulation of the water and 
generation of steam. The subject, however, is too extensive 
and too important to be here entered on, and must be examined 
more at length than would here be practicable. 



CHAPTER XI. 



ON THE OIBOULATION OF THE WATER IN RELATION 
TO EVAPORATION, AND ITS INFLUENCE ON THE 
TRANSMISSION OF HEAT. 



With reference to the currents in water caused by the appli- 
cation of heat, the first point for consideration practically is^ 
the direction in which the atoms of water approach the plates 
where they are respectively to receive heat. 

Bemembering that before any particle of water can leave the 
heated plate^ and rise to the surface, as steamy it must be ^^forced 
upivards by some colder and heavier particles/* Unless, therefore, a 
due succession of such particles be enabled to take their places 
as rapidly as others have received the heat due to their vaporiza- 
tion, the plate itself cannot be relieved of its heat, and con- 
sequently, evaporation must be retarded. 

To illustrate the direction in which 
the particles successively approach the 
heated plate. Fig. 86 represents a vessel 
of water — the heat being applied from 
beneath. The question here is, whether 
the colder atoms which are to take the 
places of the atoms of vapour, generated 
at the point a, will approach that point 
in the direction of the arrows b, c, or D. 
From what has been just shewn, it is 
manifest they cannot arrive in the doum" 
ward direction of B, and must necessarily 
come in that of either c or D. 
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Fig. 87, 




Again, suppose the heat be applied 
hUeraMffj as to the side plates of a furnace. 
The question then will be, whether the 
colder atoms will approach the point 
A, as in Fig. 87, in the direction of 
the arrows b, c, or d. For the same 
reasons it will be seen that it must be 
in that of either c or D. This is mani- 
festly in favour of vertical, rather than 
horizontal surfaces, as practically has 
be^n proved in the case of vertical 
tubes. This advantage may be ac- 
counted for by the fact, that the cur- 
rents of the atoms of vapour, and that of the water about to be 
converted into va]{our, will then be running in one and the same 
direction, and consequently, without obstruction or collision. 

Now as vaporization does not depend on the quantity of heat 
applied to the plate, but on the quantity taken from it, the 
amount of evaporation will be determined by the rapidity with 
which the colder atoms of water obtain access to the heated 
plate. Hence we see how. more important it' is to study the 
means of giving that access of the wcUer to the one side of the 
plate, than of heat to the other. 

The annexed figures will illustrate, practically, the direction 
in which the colder water obtains access to the sides and crown 
plates of a furnace : — the arrows representing the atoms of water, 
and the dotted lines those of the rising steam. 

An important question ishere raised,-r-do the atoms of water 
approach the plate in the direction of the arrows as in Fig. 88 
or Fig. 89. Every thing goes to shew that, it must be as in 
the latter. We here then find that the croum or horizontal plates 
can be supplied from the vertical water spaces alone; and hence 
the importance of making ihose channels so large, and con- 
veniently arranged, that the water may reach them in full cur- 
rent and quantity. This also accounts for the fact that the 
crown plates are the most liable to injury from being over-heated. 
The side plates next the fuel on the bars, becoming over-heated 
and burnt, we shall see, is referable to a different cause. 
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Fig. 89. 





The crown plates of a furnace are 
then the most liable to injury from 
the double cause of being exposed 
to the greatest heat, by direct im- 
pact of the flame, and from the water 
having greater difficulty of access 
to them, as shewn in Fig. 88.* This 
causes them frequently to bulge un- 
der the pressure of steam, as in 
Fig. 90. This bulging on one occa- 
sion occurred in the first voyage the 
vessel had made ; nevertheless, no 
inconvenience resulted from it;-^ 
the iron having been of good quality, 
the boiler remained in a state of 

* This has been well illustrated by 
Mr. Fairbum in a paper read to the 
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perfect effidencj for manjr years ; and when ultimately broken 
up^ the bulged part was as sound and thick as it ever had been* 

On this it may be observed^ that if there be any obstruction 
or sluggishness in the water reaching the crown plates (on its 
rising from the vertical water-ways)^ the violence of the upward 
current of steam will carry it in the direction of the arrows in 
Fig. 91 ; — thus leaving the centre of the crown plate in eonkbet 
with steam rather than water, and by which it necessarily becomes 
over-heated. 

Looking to the direction of the water on passing from the 
vertical side spaces to the crown plates^ the shape^ as in Fig. 92^ 
would appear most favourable for aiding the access of the water 
— (the arrows shew the direction of the water^ and the dotted 
lines that of the steam). The cylindrical tihape^perhapsj offers 
the most advantages as regards direction of the water^ and the 
resisting power of the plate. 



Fig. 91. 



Fig. 92. 
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British Aaeociatioii at HuU, detaiUng some very interesting results of re- 
searches made for the purposes of determining the strength of locomotive 
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The inferences to be drawn from these facts are, — Firsty that 
every possible facility should be provided for enabling the steam 
to reach the surface of the water without loss of timie or tem- 
perature. Secondly i that ample space should be given^ at the 
ends or sides, or both, for the large returning body of water, which 
had been forced upwards by the violence of the ascending 
columns of steam. Thirdly^ that similar and adequate means 
should be provided to enable the water to spread abng the bottom, 
in its course to supply the numerous vertical spaces between 
the furnaces. 

We will now consider the internal arrangements of marine 
boilers^ with reference to the circulation of the water. Pre- 
viously to the introduction of steam power into sea-going 
vessels^ boilers were simple in their construction, — ^the water 
forming one undivided mass within which its intestinal currents 
had free scope to act, taking whatever course was most favour- 
able and ii^ accordance with their temperatures. The waggon 
boiler of Watt, and the dome shaped colliery boiler, may be 
considered as types of this class. In such, the question of 
circulation had no practical application. The employment of 
the steam engine for marine purposes, first rendered it neces- 
sary to make a change in the internal arrangements of the 
boiler, as well for economizing space, as for prvoiding adequate 
heating surface. This produces the system of internal JlueSy 
of considerable length, or lineal run, corresponding with the 
great length of brick flues, under and round land boilers. 
Instead of one undivided mass, the water 'was necessarily 
thrown into numerous deep narrow avenues, and thin films, 
with confiicting internal courses, and multiplied obstructions. 

Here, then, was a new system involving great practical 

boilers. In the bofler which exploded at Long-side, <' Considerable stress," 
he obseryes, " had beeir laid upon the weakness of the stay which united the 
flat sur&ce of the boiler to the sides of the fire box. The experiments made, 
however, clearly indicated that the fire box stays were not the weakest parts, 
and that there was more to fetor from the top of the furnace, whichj under 
severe pressure, was almost invariably the first to give way J* This is the 
first time any doubt has been thrown on the comparative strength of this part 
of the furnace. ... 
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changes^ not only in the direction of the heated products from 
the fiimace^ but of the currents of both steam and water* 
These changes^ however^ appear to have excited no attention. 
It was said (and in the same loose manner) that Hhe water 
would find its way to the heated flue plates, just as it was said 
that the air would find its way to the fuel^ and the steam to 
the surface, toithout considering what those ways were, or ought 
to be, and whether they were provided. 

The extent to which the heat will be taken from the plate 
is next to be considered. Mr. Sewell/ among many useful 
remarks, has some which suggest important points of inquiry 
in connection with marine boilers. " No matter," he observes, 
" how ably the furnace performs its duty, if the heat given off 
&om the fuel cannot be taken up as rapidly as it is produced^ 
then of course economy ceases." This, no doubt, is true, but 
he has left unnoticed the more important point, namely, — by 
what is the heat to be taken up f 

Again, — ** Where the power of convection is much greater 

than the power of absorption, then the heat evolved during 

combustion, is carried off without effect." This is also true ; 

. but we are still left in doubt, — by what is the heat to be absorbed f 

Now this absorption cannot be in the plate. In a well-con- 
structed boiler, where adequate means of circulation of the 
water are provided, there can be no absorption in the plate, which 
is, or ought to be, the mere conveyor or transmitter. The very 
term absorption implies, not merely receiving^ but retaining^ the 
heat, and which certainly is not the function of the plate. 

This distinction involves considerations of the last importance. 
By confounding the heat transmitter — the plate — ^with the heat 
absorber — the water, — we fall practically into innumerable errors ; 
not the least important of which are the overlooking the question 
of the currents and circulation of the water; and the being 
satisfied with merely providing a large aggregate of surface; hence 
concluding^ that we had also provided a commensurate absorbing . 
and evaporative power. Errors of this kind lead to a neglect of 

• Elementary Treatise on Steam and Locomotives, by John Sewell, Ij.E.^ 
Vol. I. John Weale. 
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the express function of the pUtd itself, which is merely to trana^ 
mit what is ^ven U> it on the one side, to that which will 
receive it on the other. 

In addition then to the power of convection^ or carrying the 
heat through the flues, — ^which belongs to the gaseous products 
of combustion, — and the power of transmitting the heat,— which 
belongs to the plate, — there is the third power, namely, that of 
absorbing and retaining the heat, and which belongs exclnsiveig to 
the recipient y which should be water. Now a right understanding 
of these separate functions and duties is absolutely necessary 
before we can determine the relation which the size or surfiice 
area of any one part of a boiler should bear to the rest. It is 
from neglect of these distinct functions^ and the confounding 
the one with the other^ that we so often err in giving an unwise 
rapidity to the convecting character of the gaseous products, 
and an injurious curtailment of the convecting range or run. 

On this absorbing faculty, and still without defining to what 
it belongs, Mr. Sewell observes — *^ Much of the comparative 
economy of boilers depends on their absorbing power.'' Here 
we are left under the impression that this absorbing faculty is a 
function of some part of the boiler j which certainly is not the . 
fact 

Now it is more important that we investigate the absorbent 
power of the recipient, than that of the plate. All that the plate 
requires is, that its transmitting power — ^its proper function, be 
brought into action. On this head M. Peclet correctly observes, 
that, ''under ordinary circumstances, the quantity of heat 
which a metal plate has the power of transmitting, is far greater 
than what it is really called on to transmit I" ^ 

To expect then that the plate will exercise a greater power 
of transmitting heat to some other body, than that body posses- 
ses for receiving and absorbing it, would be a physical absurdity. 
As well might we expect that a 2ar^er quantity of water would 
pass through a porous body than could be contained in the space 

* ** Nona avons vu que dans les ciroonstances ordinaires, la quantity de 
chaleur que peat transmettre le metal, est beaucoop plus grande que cdie qa'il 
a reellement k transmettre." — TraitS de la Chaleur, 
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in which it would be received; or that the steam from the 
engine cylinder could be discharged into, the condenser^ in the 
absence of a sufficiency of water^ or space^ there to absorb or 
receive it. 

Mr. Craddock^ in the course of his published Lectures; has 
introduced a new feature in the question of the transmission of 
heat^ by drawing a distinction^ as to temperature^ between the 
two surfaces of the plate. ''It must be borne inndnd^'^he 
observes^ "that it is the exterior surfacey along. or over which 
the gases pass^ and the difference of iemperaiwre between such sur- 
face and the heated gasee passing wer itj will depend the rapidity 
with which the latter will, impart their heat io the former." 
This assuredly is not the case. 

It may be asked^ Why draw a distinction between the tern* 
perature of the exterior and interior surfaces of the plate ^ac( if 
there could be any important difference)^ while no notice is 
taken of that on which the temperature of both its surfaces really 
depends^ — ^namely^ the character of the reoipiefds of the heai f 

In this dictum we have proof of the prevailing error of 
assuming that the recipient of the heat will attoayebe water,— 
that it will aboags be present, — ^and cdwags in cofUad wiOt the plate. 
This, however, is pre-supposing the very thing at issue, — ^the. 
very £ict which experience denies. If indeed such were really 
the case, it would be a matter of. perfect indifference what 
mi^t be the degree of heat to which the pkte, or its eixtemal 
surface^ might be exposed; inasmucbas all the heat that' possi- 
bly could be presented to it, would pass to the water as rapidly 
as it could be received, and no possible injury could take place. 
The temperature of the pla^, in truiA, only iecomes an object of atteu"' 
tion when there is a wsmt of adequate circulation of the water , and 
consequently, a .deficiency or delay in its obtaining contact with, 
the heated plate surface. In such case, ^egm laxmA Aecessarily; 
be compelled to act the part of the recipient, by occupying the 
place where the water should have been, but whose function it 
is so ill qualified to discharge. 

It is here manifest that as the heat absorbing power of steam is 
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80 inferior to that of water, a much leas quantity will be taken 
up, in given times, by the former than by the latter. Agwn, 
dnoe no more heat can be transmitted through the plate, from the 
one side than can be taken from it by the recipient on the other, — 
the transmitting power of any ^ven surface must be absolutely 
dependent on the absorbing power of that recipient, whether it 
be oil, water, steam, or air. 

Water, we have seen, will absorb more heat than steam. The 
quantity taken up, therefore, will be regulated, not by the 
" difference of temperature between the plate surface and the 
heated gases passing over it or along it," — but by the capacity 
of the receiving body, whatever it may be, for absorbing it. If, 
however, from any circumstance, the water be prevented or 
delayed in gaining access to the plate, the steam will in a like 
degree be obstructed m leaving it; the presence of the former 
being the very means by which the latter will be effected.* 

Thus the heat which, in such case, cannot be taken from the 
plate, must remain in the plate, — its function being then 
changed from that of a transmitter, to that of an absorber ; the 
whole process of evaporation being then deranged, as will be 
seen when we come to the connderation of the causes which 
affect its durabiliiy. 

Again, the mechanical structure of the two bodies (water and 
steam), has much to do with the quantity of heat absorbed* 
fFater is composed of an infinity of atoms so minute as to be 
utterly inappredable. Now this very circumstance multiplies to 
an extraordinary extent, its points of contact with the heat 
transmitting sur&ce. Steam, on the other hand, is a series of 
inflated globules, each of which is 1800 times larger than the 
atom of water from which it proceeded ; necessarily producing 
greater diflSculty of access to the plate, and fewer points of 
contact with its surface. 



* The celerity with which heat is commnnicated from hotter hodies to 
colder ones, when all other things are equal, is proportional to the extent of 
contact and closeness of communication between the bodies. — Thompson ori 
Heat and ElectrUniy, 



163 

This very fact^ then^ supplies a scale bjxwhicli we are enabled 
to appreciate the superior facilities of contact which water 
possesses oyer steam — if due circulation be obtained; and the 
greater rapidity with which the former is enabled to take up 
heat, and its enlarged capacity for retaining it. 

We have next to consider the relation which circulation has 
to the durability of the plate itself. 



CHAPTER XII. 



OP THE CIRCULATION OF THE WATER IN RELATION 
TO THE DURABILITY OF THE PLATES. 

Haying considered the drculation of the water as regards 
evaporation ; distinguishing the separate functions of the heat 
transmitter, and the heat recipient, we have now to examine its 
bearing on the durability of the plates. 

In the first marine boilers^ the flues were made dey> with nar^ 
row water spaces, usually about four inches wide. The object 
then was to combine the two essentials^ — adequate length of 
run in the flue^ with sufficient heating surface* Among the 
disadvantages of this arrangement of the flues was^ the recur- 
rence of injury to the plates in the region of the furnaces by 
becoming over-heated. Although this evil of over-heating con- 
tinues to be experienced, the direct cause of it has remained 
without due inquiry. Its recurrence was usually attributed to 
neglect on the part of the fireman, or the want of sufficient 
water in the boiler ; hence more importance was attributed to 
the necessity of having '' careful and experienced stokers," 
than to the remedying the defective construction of the boiler 
itself. 

If the water indicated a level ah<A;e the fiues, all was con- 
sidered right, and no thought was given to the possibility of 
its being deficient helow or around them. Yet experience has 
shewn, that although everything indicated a proper height of 
water in the boiler, the plates, particularly those connected 
with the furnaces, were, nevertheless, subject to be over-heated 
and injured. In such cases, if the iron was laminated, or 
otherwise of inferior quality, it became cracked, or burned into 
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holes. This state of things was strikingly illimtrated in the 
boilers of the " Ghreat Liverpool" steam ship, on her first Toyage 
to New York, in 1842. The engineer, observing the side plates 
of the furnaces constantly** giving way, — some bulging and 
others cracked and leaking, and even burnt into holes, although 
there was always a svffident height of water in the boiler, sus- 
pected something had interfered to keep the water from the 
plates, and with the view of testing it, introduced an inch iron 
pipe from the front into the water space between two of the 
furnaces. This at once brought the source of the evil to notice, 
for although the glass water-gauge always indicated a suflScient 
height of water within y yet nothing issued through the pipe but 
steam, so long as the boiler was in full action. 

This fact unmistakably shewed that the over-heating of the 
plates was unconnected with the duties of the fireman, and was 
the result of ins^uffident circulation, depriving the deep narrow 
flue-spaces of an adequate supply of water. There was then, 
manifestly, no remedy for this continually recurring evil, and a 
new boiler became necessary. 

Here then was the exact case suggested by Mr. Murray,* 
when he says, ** It is a point of the utmost importance that no 
part of the heating surface of a boiler should be so situated that 
the steam may not readily rise from it and escape to the surface ; 
since the plate, if left in contact mth steam instead of water ^ becomes 
tmduly heated and destroyed.^* 

Now, we overlook the fact, that the only remedy against this 
source of injury is, providing adequate circtdation of the water, 
since the steam cannot " rise from the plate surface,^ and must 
remain in contact with it, until water or other ghtules of steam 
take its place and force it upwards ; consequently, if the ap- 
proach of the water be slow, so must be the rise of the steam. 
There can be no vacuum ; no interval between the approach of 
the one and the escape of the other. Mther water or steam must 
be at all times in contact with the plate : the relative time, 
occupied by either in obtaining this contact, will therefore de- 

* Treatiae on the Marine Engine, by Robert Murray, C.£. London, 
John Weale. 
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cide the question of the amount of evaporation^ and the tem^ 
perature of the plate. 

The important point then for inquiry is. Why was the plate 
thus left in contact with steam instead of water ? There was 
here no apparent impediment to the steam rising to the surface. 
There was, however, as we shall see, extraordinary difficulty of 
access to the water to dUlodge the steam; and, as Dr. lire ob- 
serves, it must remain, until *^ forced upwards hy colder and heavier 
atoms of water. " 

As the details of this boiler of the "LiverpooV^ will afford op- 
portunities for conmient, much of what is practically necessary 
for promoting circulation, they are here annexed. 

Fig. 93. 
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Fig. 93 is a plan of the boiler^ shewing the ten furnaces, 
and the narrow water-ways separating the series of narrow 
flues. 

Fig. 94 is a section &om A to B, shewing the water spaces of 
5 feet deep by 4 inches wide, and the direction in which the 
water approached the side and crown plates of the furnaces. 
The bottom horizontal water-space is here seen, of but 5 inches 
deepy and from which all the vertical spaces were to be supplied. 
This bottom space was also found to be much obstructed by 
sediment and other deposit. Here we see the direction the 
water had to take in its downward course was through one 
narrow four-inch space; and then to be distributed over the 
bottom area of above 500 square feet in its way to the vertical 
spaces between the furnaces and flues. 

Fig. 95 is a section across the furnace end of the boiler, 
from C to D, shewing the eleven narrow water spaces, and into 
one of which the trial-pipe was introduced, as already men- 
tioned. 

Fig 96 is a cross section of the after-part of the boiler, 
from E to F, shewing the sixteen water spaces between the 
flues. 

It may here be observed, that the side plates of the ten fur- 
naces, whidi, as being the hottest, required the largest supply 
of water, were, necessarily, the worst supplied, being WiQ farthest 
from the narrow downward current at the back end» It is here 
manifest that the furnace side-plates could not have been 
adequately supplied with water, to take the place of the great 
volume of steam generated from their surfaces, and, con- 
sequently, that the steam must have been retained in contact with 
them. It can no longer then be a matter of surprise that the 
sides of the furnaces became over-heated and injured. 

In this boiler, the ten furnaces being all at one end, the 
water taking the coolest place for its descent, would naturally 
flow along the surface from front to rear, as shewn by the 
arrows. Fig. 94. (The construction of this boiler, as regards 
what takes place tmthin the fiues^ will be further noticed in the 
Chapter on ** Draught") 



Fig. 94. 
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1%6 first boilers of the '^ Great Brikdn^^ Steamer give anotlier 
illustration of the difficulty the water had to encounter in ob« 
taining access to the vertical spaces^ and the thirtj^six crown 
surfaces of that number of fines as shewn in Fig. 97. The 
lower or furnace range of the triple tiers of fines was 5 
feet deep, the second 4 feet, and the third 3 feet ; the nu- 
merous vertical water-ways, though but 4 inches wide, had an 
aggregate of no less than 18 feet deep. No adequate or sepa- 
rate space, however, was provided for the downward current of 
the great quantity of water that must, momentarily, have been 
required to supply so many mcending currents ; the conse- 
quence was, that the ascending steam had to struggle against 
the descending current of the water, while the latter, in its way, 
was obstructed in reaching the plate-surface. Thus, the rapid 
generation of steam, and free access of the water to the plates, 
were both impeded in their respective functions. 



Fig. 97. 
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Another source of injury supposed to arise from the thickness 
of the plates, here merits attention. On this head Mr. Crad- 
dock^ advocating the use of thin plates^ but overlooking the 
question of circulation, and the character of the recipient of the 
heat, falls into the oonunon error* ^' We know/' he observes, 
^^ that boiler-plates of g or J inch thick, are often heated very 
considerably, on their exterior , above the tempertUure of the w<xter in 
the boUer. This is known to take place to such an extent, 
practically, as rapidly to deteriorate such parts of the boiler.'' 

How this extraordinary alleged fact has been ascertained does 
not appear. Yet, a dictum, so opposed to all experience, 
should have been supported by experiments or proof. 

Now, this supposed heating and deterioration of the plates, 
must either be a constant or an occasional effect. The former, 
we know it is not. The latter, therefore, must have been the 
result of some unusual and disturbing cause, but which he has 
not explained. It is this cause which has been overlooked, and 
which here demands special inquiry. 

No doubt, plates are often over*heated and deteriorated ; as- 
suredly, however, it has not been owing to their thickness. Indeed, 
when over-heating does occur, thickness is a positive protection. 
It may then be taken for granted, that, as to the plate being 
injuriously heated, such is absolutely impossible, if the waier he 
in contact with it. This, then, is the practical point involved in 
the question of circulation. 

Further, he observes, ** We have not good data from which 
to draw unexceptionable conclusions as to the absolute dif- 
ference of temperatnre between the external surface of the boiler- 
plates, or tubes of different thicknesses, with an intense fire 
acting on them and the waier they cordain^ Certainly we have 
no such daJta^ since no appreciable difference can possibly exist 
between the temperature of the plates, and the water in contact 
with them. 

The true question here is, whether the water was or was not in 
contact toith the plates f It is manifestly the overlooking this all 
important point, or the assuming that the water had such con- 
tact, in fact, begging the whole question, that has led to the 
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error of drawing a distinction between the temperature of the 
two surfaces of the plate. Such a distinction, however^ would 
be directly at variance with the laws of conduction^ as it as- 
sumes a degree of eon^estian of the heat on the one side, and of 
exliaustion on the other^ although the distance the heat woidd 
have to travel would be hut half an inch. ThU possible in- 
jury to iron platesj continaing to be thua asserted j demands 
a further inquiry. 

Numerous authorities might here be quoted; it wUl^ how- 
eveij be sufficient to aay^ that had any such fact been proved^ it 
could not have escaped the attention of Dr- Lardner<* On this 
head J he only confirms what the highest authorities have stated j 
when he asserts that a vessel cannot be injured by heat, so long 
as it contains any liquid j that is, so long as the liquid is in c«i- 
tact with it. 

That the transmitting plate cannot be " unduly heated or 
destroyed/' where the recipient of the heat is water ^ may be 
tested in many ways- Water may be boiled in an egg shell, or 
in a vessel, the bottom of which , though made of card paper, 
will not be Injured, That the temperature of an iron vessel of 
even half an inch in thick nesSj containing boiling water, cannot 
be much, if any^ above that of the water, may be tested by 
applying the fingers to itj immediately on being removed from 
even an " intense fire.*'' In fact, the temperature will rather 
appear to increase ajter its removal from thejire. The reason is 
obvious; — the heat being so rapidly taken up and absorbed 
by the water^ its current through the plate must necessarily be 
equally rapid. On removal from the flame, howevcrj the ex- 

* " The absorption of beat/' the Dr. observes, " in the proc^&a by whioh 
lioQidfi are converted into stenm, will explain why a vessel contiuning a liquid, 
though constantly exposed to the action of the fire, can never, while it eott- 
tains any liquid, receive eucb a degree of lieat a& might destroy it* A tin 
kettle containing water may be exposed to tlie action of tbe most fierce fur- 
nace , and yet the tin, which is a very fudldu metal, will remain on injured. 
The heat which the fire imparts to the k^^ttle h immediately ab^orhi-d by the 
bubbles (atoms) of water whicb arc converted into steam j at the botC<*mj and 
rendered latent ia tUeuL So long as the water is contained in the kettle, this 
ab8ori)tion continaes; and it is impossible that the temperatare of th<? kettle 
can exceed the temperature of boiling water* 

11 
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ieriar iurfaee^ then receiTing no farther supply or inorement of 
heat, is instantly reduced in temperature ; the current through 
the plate then becomes reversed, and passes from the inside to the 
outside. The water side being absolutely the hottest^ a new 
equilibrium is established, equal to that of the water at 212^* 

Pig. 98. 




Fig. 99. 




* For the purpose of putting this to the severest test, an iron yessel with a 
flat hottom and half-inch thick plate was placed over a furnace, expressly 
constructed, so that it might he exposed to a very great heat firom a coke fire, 
urged hy a strong blast: the rapidity of the ebullition was extreme. It was so 
arranged, that it could be suddenly removed from the Aimace, and the tem- 
perature of the bottom instantly ascertained by the touch of the fingers* This 
was done repeatedly, yet, on all occasions, it scarcely appeared to have the 
temperature of boiling water. 
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The figures opposite represent vessels of half-inch iron, both 
filled with water, in the act of boiling over a powerful flame. 
In Fig. 98, the course of the heat is shewn by the arrows pass- 
ing from the flame through the half inch of iron to the water 
inside for the formation of steam. In Fig. 99, the vessel is sup- 
poaed to have been suddenly removed from the flame ; the 
arrows shew the then reversed directi&n of the current of heat 
from the water side, where it continues at 212*^, to the out- 
eidej where it would soon^ otherwise, have been cooled by the 
lower temperature of the air. 

As to the plate remaining at a safe and comparatively low 
temperature, there can be no doubt, seeing that oxidation or 
injury does not take place in ironj until it has reached that of 
redness, and which never can occur so long as water itj in con- 
tact with it. When, therefore, the assertion is made, that 
plates have been heated so considerably above the temperature 
of the water as to be rapidly deteriorated, this could only be 
made on the assumptiouj that water was In contact with the 
plate, but which was not the case, as in the boilers of the 
" Cheat LiverpooV* already mentionedp* 

A conclusive illustration of the fact, that the plates are, in no 
way affected by thickness or temperature^ is afforded by finding, 
that in breaking up old boilers, those parts which were exposed 
to the most intense heat and direct impact with the flame, have 
continued sound, and wholly undeteriorated when the water 
had free access to them. 

With the view of testing the superior heat-absorbing faculty 
of water, numerous experiments were made : the result is the 
following tabular view, which suflSciently approximates the re- 
lative effect of the several classes of recipients to which the 
plates of a boiler may be exposed. Supposing then that the 
heat-tranamitting power be taken at lOOO*', the portion that 

* Dr, Ure gives a remiirkable illustration of the little effect caused by the 
thicknesa of the plate^ if the water he m contact with it ] stating tLat he had 
experimented with plates of twelve timeB the thicknefl« of others without 
producing an^ injurious effect. 
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will be absorbed, in given times, by the following recipients, 
may be estimated as follows : — 

Heat received by Portion of the heat Portion of the 



° Nature of the leeipient. 

Water 

Water and Steam 


the plate 
in given times. 

1,000° 

1,000° 


transmitted 
by the plate. 

1,000° 

800° 


heat remaining 
in the [Aate. 

none. 

200° 


Steam 

Air . . . 


1,000° 
1,000° 


600° 
400° 


400° 
600° 



Thus, a given area of plate surface, after it has received its 
own status of temperature, will transmit the entire 1,000 de- 
grees it had received, if the recipient be water. If, however, it 
be steam, 600° only will be taken from it, the remainder, 400®, 
necessarily remaining in the plate j there to accnmulate and increase 
in temperature, in proportion to the intensity of the flame. 

So, if the recipient be air, 400° only will be taken from the 
plate, leaving 800° to accumulate. From this we learn how 
the absorbing faculty of the recipient regulates and controls the 
transmitting action and temperature of the plate, and the ex- 
tent to which it will be exposed of being unduly heated. The 
want, then, of free and adequate means of circulation of the 
water, and an unobstructed access to the plate, so that it may, 
at all times, be the recipient, may be taken as the chief, if not 
the only cause of their deterioration through over^haetnig ; and 
wholly irrespective of thickness, or the degree of heat to which 
it may be exposed. The temperature and durability of the 
plate will, therefore, be in the inverse ratio of the rapidity of the 
current of heat passing through it, while such transmitting cur- 
rent will be in the direct ratio of the absorbing power of the 
recipient, whether it be water, steam, or air, or a mixture of 
either. 



CHAPTER Xm. 



OF THE DRAUGHT- 

The Draught j or current of air passing through a furnacej is 
occasioned hy the difference in weight between the column of 
fl-ir within the chinineyj and that of an external column of the 
same proportious, — the " ascent of the internal heated air," as 
Dr- tJre observes^ " depending on the diminution of its specific 
gravity 3— the amount of unbalanced weight being the effective 
cause of the draught." Sincej then^ this levity of the inside 
air is the result of increased teniperaturej the question here for 
consideration is, how that temperature may be obtained with 
the least expenditure of fuel. 

In marine boilers numerous cases of deficiency of draught 
will be found to arise from an injudicious arrangement of the 
fluesj and the conflicting currents of the heated products within 
them* 

Notwithstanding the importance of the subject ^ still but little 
attention has been given to the causes of these currents and de- 
ficient draught, M. Peclet having examined the subject with 
great care and practical research^ his details are so copious j 
and liis remarks so much to the point, that it will be well to 
give them due attention^ and the more so as the subject has 
not hitherto been examined by any writer in England, 

Among the inconveniences experienced., a prominent one 
may here be mentioned, a a being of frequent occur rencCj 
namely, a deficient draught in the side or winf^ furnaces of 
boilers. 

M. Peclet observes^ ^* Where several tubes or flues open into 
one common fiuej the currents are continued beyond their ori- 
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fices^ and by their mutual action, affect or modify their re- 
spective forces. If^ for example, two flues, A and B^ (see 
Fig. 100) enter the common flue C, by orifices opposite each 
other J the influenced their currents on each other will be mZ, 
if they have equal rapidity; because the whole will pass as if 
they had struck against a plane fixed between thenu If, how- 
ever, the currents be unequal, that which has the greatest rapidity 
will reduce the speed of the other y and more or less have the ef- 
fect of closing the orifice through which the latter flowed.'' 




Fig. 101. 




** So many proofs of this," he adds, ''may be adduced, as to 
put the fact beyond doubt." '' These streams of air," he con- 
tinues, *^ in this respect, act on each other as streams of water. 
It is already known by the experiments of Savart, that where 
two streams of water, of the same sectional area, act in opposite 
directions, and that one of them has even but a little more speed 
than the other, the latter is pushed back, and the influence felt 
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up to its source. The result of this collision in the flue miay be 
avoided by the Diaphragm D (Fig. 101)." Such conflicting 
currents may be found in almost all marine boilers, yet pass 
unnoticed, even where the draught is manifestly deflcient in 
consequence. 

Again, ''Phenomena of the same kind will be produced 
where the courses of two flues are at right angles to each ether, 
as in Fig. ip2. These effects may also be avoided by the 
Diaphragm D (Fig. 103)." This also is of frequent occurrence, 
and seriously affects the general draught, as will hereafter be 
shewn. 

Rg. 102. Rg. 103. 
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Again, '' Where the chimney or flue is common to several 
furnaces, the arrangement should be such that the streams, or 
currents, of heated gas, should not interfere with each other. 
Fig. 104 represents the arrangement that should be adopted in 
such cases.'' It is needless to observe how frequent this state 
of things occurs, and how little attention is given to it. 

Fig. 104. 
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** So, where a current of hot products issues horizontally into 
a chimney, it may happen that its draught would be entirely 
destroyed, if the rapidity of such current was considerable, as it 
would then have the effect of shutting the chimney like a dam- 
per." He then describes what occurred at a soda manufactory, 
with a chimney for general draught, which he had to construct, 
and which was also connected with a flue from another appa- 
ratus^ as shewn in Fig. 105. In this case, ^' the current from 
the one flue completely neutralized that of the other." This 
he remedied by the partition P. 



Fig. 106. 




Again, where three flues enter a funnel from three different 
poinisy it is evident, he observes, that " the diaphragms should 
be so placed as to leave each current an adequate section of 
the chimney," as in Fig. 106. The circumstance here referred 
to may be found to exist in ahnost all marine boilers. Barely, 
however, is the interposition of these diaphragms thought of, 
yet numerous instances of the derangement of the draught, 
particularly of the wing boilers, must be within the knowledge 
of all engineers. 



wmmmfmmmmmmmm 



169 



Fig. 106. 




Let ufi now apply these judicious practical observations. The 
first boilers of the " Q-reat Britmni'' screw Bteamer, are in point. 
The arrangements of these boilers have already been noticed 
with reference to their impeding the due circulaiion of the water. 
We have now to consider them in respect to their influence on 
the draught 

In these boilers^ attention was given^ almost exdusivelyj to 
two objects ^--providing the largest possible amount of Jire- 
(jrate areas y and the largest aggregate of internal heating surface. 
As to the former, almost the entire area of these large boilers 
may be compared to an aggregate of furnaces. Nevertheless, 
there was no command of steam ^ and the engineer stated^ that 
the wing boilers were unequal in draught to the centre ones. 
The deficiency of draught in the furnaces of the side boilers 
will easily be accounted for on examining the plan of the upper 
tier of flues J and the numerous collisions where the heated pro- 
ducts from twenty-four large furnaces entered the funnelsj aa 
shewn in Fig. 107. 




The flues &om the four furnaces of each wing boiler, are here 
made to enter one common cross flue — each thwarting the cur- 
rent of the preceding one. No. 1 being checked by No. 2 — 
which crosses it at right angles — ^which, in its turn, was checked 
by No. 3, and so on — ^the same mal-arrangement taking place 
in each of the sixteen flues of the four wing boilers. TbesCi it 
will be seen, are the direct cases adduced by M. Fedet, where 
the products and current from one flue act as a damper on the 
draught of its preceding one. 

Again, the joint products of the four flues of each wing boiler 
are made to enter the funnel by a single opening, which is not 
only at right angles with the flues from the four centre boilers, 
but directly opposite to those of the wing bailers on the other side. 
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Thus the flues of no less than eight furnaces, all entering by a 
single opening; are brought into direct collision with those of 
the other four^ and in the most certain way to affect the 
draught of all. Here we have a combination of the evils re- 
ferred to by M. Peclet. 

The case of the boiletB of the *' Great Liverpml^^ is a still 
greater violation of the rules which should regulate the draught. 
Here, there being but a single tier of flues, the required aggre-- 
gate of heating internal surface was obtained by the labyrinth 
of windings shewn in Fig. 108. 

Fig, 108. 
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In the first place, the flames from the three centre furnaces 
of each half of the boiler are forced Into a single flue of but 
13} inches wide, as shewn by the arrows. Again, the gaseous 
products of each set of three centre furnaces, and which are 
necessarily the more powerful, are made to enter the single 
back flue at right angles^ and across the current of products from 
the two wing furnaces, as shewn by the enlarged view in 
Fig. 109. It is scarcely possible to conceive a more direct case 
of collision, or a more effectual damper by the hotter and 
larger current from three furnaces, on the smaller current from 
the two wing furnaces. In these boilers, it is manifest that 
mne-tenths of the steam was produced by the plates in con- 
nection with the furnaces alone, and by a system of continued , 
forcing; the long run of flues being filled with dense black 
smoke. 



Fig. 109. 
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From 3 furnaces. 



From 2 wing furnaces. 



A considerable improvement was effected by constructing 
furnaces in pairs, as in Fig. 110. This had the important ad- 
vantage of rendering any interference with the supply of air 
unnecessary, by giving uniformity to the quantity of gas pass- 
ing from the bridge to the flue; since, by firing the two fur- 
naces altemately^ the supply of gas is equalized on entering the 
flue from the bridges. 
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Fig. 110. 




This plaoj it will be aeen^ had the disadvantage of the split 
Jim at the back end^ where, as M. Peclet observes, ths hotter or 
stronger cur rent will cdtvays neutralke the other. In practice^ a 
strong or hot current of gaseous products will not, voluntarily j 
divide itself, to meet the arrangements of the flues : the wholcj 
or nearly so, will pass either to the one or the other, iu pro- 
portion to the temperature then in the flue, or to the length of 
the course each has to run to the fimneL 



Fig. IIL 




The plan shewn at Fig. 1 1 1 exhibited a great iniprovcment in 
the former, and has for many years been found the most eMclent 
in practice. 
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Pig. 112. 
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The plan, as in Fig. 112, was adopted with the view of di- 
viding the gaseous products, and thus spreading the heat along 
a double surface. This, however, was quite defective, in as 
much as a gaseous stream cannot be induced to divide itself 
contrary to the laws governing the currents of fluids; the 
hottest and shortest course being always taken by the gaseous 
products. 

Pig. 113. 




The plan of a land boiler, as in Fig. 113, is that of a still 
more objectionable effort to divide the current into two smaller 
flues, with the view of increasing the internal surface. Here, the 
flue, after passing under the cylindrical boiler, and returning 
through a central flue, is expected to divide itself into two 
streams, one to pass on each side of the boiler, on their way to 
the chimney. This is the case referred to by M. Peclet. A 
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commission^ he observes^ from tlie Sodete Indusirielk of the 
Grand Duchy of Hesse^ made a series of experiments to de- 
termine the influence of the circulation of the products of com- 
bustion round boilers. By these it was proved^ that the flue 
pasfflng round the boiler had a considerable effect on the amount 
of evaporation. It was also established^ that if the products 
pass Bimultaneoualy by the two side fluesj they wUI not disiri- 
bute themselms equally^ and mil only pass hy that wMcft presents 
the leasi resistance,* 

On the external circumBtances that influence the draught, 
M, Peclet adduces many proofs of the importance of avoiding 
any interference with the introduction of the air, by reaaon of 
the direction of the wind mdsidt the Jniilding, This ia a circum- 
stance which has excited no attention from our engineers* In 
marine boilers j placed low down in the veBseli the direction of 
the wind J with reference to that of the current entering the 
furnace, has often a considerable effect on the efficiency of the 
combustion. So, if the wind is opposed to the motion of the 
vessel or the reverse. The importance of this consideration ia 
exemplified where the vessel contains two boilers, having their 
furnaces facing difierent ways. In such case, according to the 
direction of the wind, or the motion of the vessel, one boiler 
will have a better draught than the other. 

That the relative direction of the wind, and the vessel, exer- 
cises a considerable influence, is proved by the fact, that the fur- 
naces in some vessels will have a sufficient draught, and gene- 
rate a sufficiency of steam, when going head to wind, but be 
deficient in draught when going he/ore th^ wind. These cir- 
cumstances merit more attention than is given to them. We 
hear of the relative merits of two steamers on a trial of speed 
being determined, by a slight advance of the one compared with 

• " The bot air, after having passed thraugh tlie lower part of the boiler, 
returns to the front by a centre flue^ and passes to the chimney simultaneously 
by two side flues. By tlus arrangement, the heating aurfeces are more avail- 
Bbk, but it \& difficult to divide eqaoUy the hot air into the two side flues, 
Almoat always the current is greater in one than in the other, and the hot air 
will pass but through one of them. In that case It will be necesBary to have 
regkt^ia at the end of each/' 
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the other; — ^the superiority of the former being perhaps attri- 
buted to the form of the vessel ; the true cause> however^ often 
depending on the better command of draught, and> necessarily^ a 
better command of steam, by wl^ich the one was enabled to make 
a revolution of the wheels^ or screw, more than its rival. In a 
late discussion at the Society of Arts, on the subject of the 
prevention of smoke, Mr. D. K. Clark '^ testified to the ad* 
vantage of a rapid, or rather, intense draught, in perfecting 
combustion and extinguishing smoke." '^ This," he observed, 
'^ was the panacea he constantly held forth for the universal 
prevention of smoke in large furnaces.** Mr. Clark's views are, 
unquestionably, well founded ; but the practical difficulty lies 
in the obtaining this ** intense draught," or an adequacy of 
draught for even imperfect combustion, in many marine boilers. 

The absolute command of draught for the generation of the 
required quantity of steam, to enable the engines to work to 
their full power being then so essential, it becomes a question 
whether other means than the natural draught should not be re* 
sorted to; since, independently of the uncertainty in the 
amount of draught, and the consequent irregularity in the 
working effect of the engines, the cost of sustaining that 
draught may be so much in excess of what an artificial draught 
would be. 

This branch of the subject has excited little attention in this 
country. M. Peclet has investigated it with his usual care^ 
and his results are worthy of record. " Where the draught,** 
he observes, ** is created by the expenditure of fuel and heat, 
the expense , exceeds one fourth of the combustible used. If we 
have not the means of otherwise employing that heat, the 
natural draught, by the chimney, is then admissible. If, 
however, that heat may be made available for the purposes of 
evaporation, and if a draught, mechanically obtained, would cost 
less, it would then be more advantageous to use it." 

Among other proofs, he gives two instances which establish 
the fact. One, the hot baths on the Seine at Paris the result 
of which was, that what was effected by the labour of one man 
alone, when the draught was mechanically produced, cost the 
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value of seventeen men's labour when produced by the natural 
draught from the heat of the furnace. 

The second case was that of a large brewery, where the 
power employed was that of 200 horses. In this instance, a 
ventUcUor which employed the power of bid six horses, was st^ient 
to produce a drattght equai to that of 60 horses, obtained by means 
of the rMwal draught of the chimney* 

He then proceeds to consider the relative merits of the seve- 
ral descriptions of ventilators ; and comes to the conclusion, that 
the rotary fan with plain wings, but with the excentric mo- 
tion, is to be preferred. The mode recommended for its appli- 
cation is given in l^vg. 1 14, where, by means of an exhausting fan, 
the heated products were directed into the ordinary chimney 

shaft. 

Pig. 114. 




• Mr. Prideaux, in his rudimentary treatisSi observes, ^ However com- 
patible with the objects sought to be attained may be the plan of keeping up 
the draught through a fire, by the instrumentality of a chimney, where slaw 
combustion only is required, as in the case of a domestic grate, or the Cornish 
boiler : whenever, on the contrary, rapid combustion and intense heat are a 

12 
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This (^ns a new field of mquiiy, and which b fiur more im- 
portant than any question arising from the mere rektive cost 
of the naUural onnedumiced draughty the best constructed boilers 
not unfrequentiy being insufficient^ fromthe mere circumstance 
of a defident draught. 

Impressed with the importance of the subject^ several ex- 
periments by means of a fan apparatusj worked by a small 
steam ei^ine^ were then made. The arrangement^ as described 
in Fig. 115| also afforded the means of deciding many impcnrtant 
points connected with the length of rauj— the working tempe- 
rature in the flue, and that of the escaping products at the 
diimneiy. In this Fig. A represents the boiler, 15 feet long, 
with anupper returning flue, having its own chimney A' fur- 
nished with a thermometer C, and a damper D, Houldsworth's 
pyrometer P, being connected with the return flue farthest 
&om the furnace. Two sight apertures were introduced, — the 
one at S, opposite the furnace, to observe the action of the air, 
introduced through the door and air-box above it, as abready 
described; the other & looking into the upper flue. 

To test ihe practicability of converting the great heat which 
escaped by the chimney, an auxiliary boiler B was attached, 
by means of a continuation flue E, and furnished with a sepa- 
rate chimney B, with an exhausting fan F, to produce an in- 
creased draught. This auxiliary boiler had two thermometers, 
to ascertun the temperature of the escaping products, C and 
C, and a damper ly, so that the two boilers might be used 
separately or conjoinilyr 

desideratum^ such a system can only be carried out by an enormous waste of 
ftiel. I shall, no doubt, excite general surprise, and perhaps some incredulity, 
when I state that, from a calculation I entered into on the subject, I find that 
1 lb. of coal, expended through the mechanical agency of a steam engine, 
will generate more force, and, consequently, is capable of producing a stronger 
current of air, than 500 lbs. of coal expended in heating a column of air, to 
act by its diminished specific gravity through a chimney 86 feet high.'' 
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Experiments with the auxiliary boiler and exhausting fan 
draught : — 



Btxperiments, 


Coal used 
per hour. 


Water 

evaporated 

per hour. 


Water 

evaporated 

per lb. of 

Coal. 


Pyrome- 
ter heat 
in flue. 


Tempera- 
ture of 
heat es- 
caping. 


1. With fan draught 

2. With ordinary ^ 
chimney draught J 


265 lbs. 
215 lbs. 


2454 lbs. 
1552 lbs. 


9-26 lbs. 
7-21 lbs. 


1025° 
725° 


650° 
410° 



The effect produced by the fan draught was thus not only 
to increase the evaporative power of the boiler, mthin the hour, 
from 1552 to 2454 lbs. of water, but to increase the evaporative 
effect from each pound of coed used, from 7*21 to 9*26 lbs. within 
the hour. 

Numerous other experiments were made with and without 
the fan, and with and without the auxiliary boiler : all con- 
firmatory of the value of the artificial draught, and of the in- 
creased lineal run of fine. 

It may here be observed, that experiments on heating and 
evaporating must be utterly useless, unless due attention be 
given by the experimenter to what has hitherto been so 
neglected, namely, the quantity of heat escaping by the chim- 
ney ; the extent of the transmitting power of the boiler; and the 
ascertaining whether the process of combustion had been com- 
plete. The above described apparatus supplies the means of 
ascertaining, and with great accuracy, — 1st, the evaporative 
value of different descriptions of coal or coke ; 2nd, the effect of 
greater or less lineal run ; 3rd, the temperature in the working 
flue, indicative of the amount of heat produced throughout each 
charge of fuel ; 4th, the length, character, and colour of the 
flame ; 5th, the quantity of air required by each kind of coal 
or coke, and the most effective way of introducing it ; 6th, the 
weight of water evaporated in any given time, and by each 
pound weight of fuel.* 

* I have given the above details^ as they indicate what are the essentials in 
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111 proof of the utter useledsness of experiments^ unless ac- 
companied by siich data^ may be mentioned the elaborate paper 
presented to the Society of Arts for Scotland; In the details 
of the several experiments^ the distinctions here drawn were 
wholly overlooked. The result was, the learned experimenter 
was led to results and inferences altogether erroneous. 

His paper was "On the evaporative powers of different kinds 
of Coal ; " but, neglecting to take account of the quantities of 
heat or heating matter carried away or lost, and the quantity 
of gas escaping unconsumed, or converted into smoke, he came 
to the conclusion that, **the evaporative power of each kind of 
fuel is in the exact ratio of the fixed carbon contained in each^^^ It 
is needless to say, that such an inference is entirely dbproved 
by modem practice. 

A few words here may be said on the subject of quick and 
slow combustion^ as being connected with that of draught. The 
impression that a process of slow cotnbustion is more economic 
than a quick process, has arisen from the fact, that a given 
weight of coal will convert a greater weight of water into 
steam under the former than the latter. Were the sole object 
the obtaining the largest measure of heat from a given weight 
of fuel, as, for instance, in heating an apartment by means of 
Dr. Arnott's stove — in such case slow combustion would be 
attended with the greatest economy. In the use of coal, how- 
ever, for the supply of stream to an engine, the question is of an 
essentially different character. It would thus be, not how 
many pounds weight of water may be evaporated by each 
pound of fuel, but how many pounds of water can be converted 
into steam by the smallest quantity of fuel within an hour, or any 
given time. Time is, in fact, the test of efficiency. The fol- 
lowing experiments will illustrate the merits of the two 
systems. 



all boilers constructed for experimental purposes. So accurate were the re- 
sults when tested by the eye, the pyrometer, and the thermometer, that it has 
for many years been the custom of coal owners to ascertain by this boiler the 
effective value of each description of coal ; themselves, or their agents, super- 
intending the operation. 
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Goals burnt Water evaporated Water evaDoraied 
per hour. per hour. perlb.ofooaL 

Ibfl. lbs. lbs. 

Slow CombuBtion 84 787 9.37 

Quick Combustion 224 1362 6.08 

Now^ if no more steam was required for the engine than 
would be produced from 787 lb6« of water within ike hour, dow 
oombnstion would be ihe most economic. If, however, the en- 
gine required the steam of 1362 lbs. of water per hour to 
work to its full and required power, then quick combustion 
would be the most desirable, as being the most effident* 

Suppose, for instance, a steam ship required that the wheels 
should make 20 revolutions per minute, and that, to produce 
such, the engines required the steam of 1362 lbs. of water ptr 
Aotir, what compensation for the consequent loss of speed would 
it be, that although the wheel made but 12 revolutions per 
minute, yet economy of fud was secured, in as much as each 
pound of coal did more duty, in the ratio of 9.37 to 6.08. 

Thus, it is evident, that cc&Mmy and efficiency may be antago- 
nistic,--eoonomy of fuel being waste of time, and waste of time 
being waste of power. In practice, tiien, and with marine dr 
locomotive boilers, it may be taken as established, that rapid 
combustion id more economic of time, and dow combustion of 
fuel 



CHAPTER XIV. 



OF THE TUBULAR SYBTEM AS APPLIED TO MARINE, 
LAND, AKD LOCOMOTIVE BOILERS, IN REFERENCE 
TO THE OmcULATION OF THE WATER A^I> 
. THE PROCESS OF COMBUSTION- m 

Having considered these subjecta in reference to flm boilere^ 
we haye now to examine them in connection with the tuhtdar 
ay stem. The annexed idewa of a locomotive and a tubular 
boiler will enable us to appreciate their reBpective pecuEarities. 
In the locomotive, Fig. 116, the furnace compartment (called 
the fire-box) is placed at one end of a long boiler^ and so apart 
from the tubular compart men tj that, aa regarda the objects of 
circulation and evaporation, they may be considered in the 
light of separate boilere, 

m^, 118- 
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In the marine boilers, as in Fig. 117, on the contrary, the 
tubes, placed directly over the furnaces, become enveloped in 
the atmosphere of steam generated, and rising from the 
latter. This is virtually the placing one boiler over another;— 
a tubular over a flue boiler, and within the same shelL By 
this arrangement, the steam generated from the furnace depart- 
ment (and which is necessarily the largest in quantity) cannot 
reach the surface without passing through the numerous dose 
sets of tubes, and the steam and water which surround them. 

So also of the water; it can neither ascend or descend with- 
out first working its way through the intricate mazes presented 
by the tubes : — no more certain method therefore could have 
been devised for producing a mischievous interference with the 
respective functions, both of the water and the steam. Here, 
then, is another violation of the principle, that ** no part of the 
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heating snr&ce should be so sitoated that the steam may not 
readily rise from it^ and escape to the surface of the water." 

Duly to appreciate these obstructions, let the inquirer only 
ask^ what direction it was intended the steam should take on 
rising from the sides and crown plate of the furnace ; or the 
water in its ascending and descending currents? On such an 
inquiry it will probably be found that the projector had never 
considered the circulation or currents of either steam or water^ 
or even thought such an inquiry necessary. 

So little, indeed, has the ^^ free escape of the steam to the 
surface," or the currents in the water, been thought of, that we 
not unfrequently find the congeries of tubes arranged, not in 
vertical lines, but so alternated that each directly intercepts the 
currents both of the steam and water rising from that below it, 
as shewn in Fig. 118 ; as if it had been expressly intended to ob- 
struct circulation rather than promote it, and keep the tubes 
continually enveloped in steam rather than water ; — both having 
to run the gauntlet through a zig-zag course of narrow and in- 
tricate passages. 

Fig. 118. 




Dr. Ure observes, that " as the diffusion of heat through a 
fluid mass is accomplished by the intestine cwrrentsy whatever 
obstructs these currents must obstruct the changes of tempe- 
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rature.^ Yet it would be diffionlt to ocmtrive a more effectual 
mode of obstructing the intestine currents of both steam and 
water. 

In proceeding to consider the maiine tubular boiler, it wiU 
be well to take one of modem constructiouy and examine how 
far its arrangements are in accordance Mrith the operations of 
nature, and particularly as to the following points, \dz» :— 

Ist. The proportions of the furnace. 

2nd. The distance the flame and heat have to travel. 

3rd. The time available for ^ving out heat. 

4th. The admission of the idr. 

5th. The circulation of the steam and water. 

6th. The effects of the tubes, as heating surfaces* 

7th. The economy. 

Fig. 119. 
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First — Of the firopoHi(ms of thb fmwx/i^. A remarkable fea* 
tare of tfak bofler is^ that its entire area may be coneddered as 
one large famace> indicating the dependence on this depart* 
ment for the sapply of steam. As to its several parts, there is 
disproportion everywhere. The chamber above the fael is 
not one.half the size it should be in proportion to its length. 
Allowing a proper body of fuel on the bars, there will not be 
12 inches space between it and the crown plates ; yet in this 
shallow chamber, and imder the influence of a rapid current 
through it, all the operations of gas making, gas heating, mix- 
ing with the air, and combustion, are to be carried on. On 
this head Mr. Murray justly observes,* ^ As a large furnace is 
found by experience greatly to fa<nlitate the admixture of the 
gases, and to ensure their more perfect combustion, as well as 
to afford the most effective kind of heating surface, it is of 
great importance that there should be jilenty of room over the 
firesP It need only be observed, that in this boiler we have 
the very opposite of this recommendation ; there being, in fact, 
the least possible '^ room over ihefvre^'^ 

So of the ash-pit; although above 9 feet long, it has but an 
average depth of 18 inches. Thus the spaces, both above and 
below the fuel, have the character of long narrow passages, 
causing injudicious longitudinal currents, and counteracting all 
the processes of nature- 
Second. — Of the distance which the flame and heat have to 
travel* The deficiency is here remarkable, there being, in 
fact» but a few inches of Uneal run between the fuel and the 
first range of the tubes ; say from A to B. It may then be 
asked, what is to become of the great body of flame and half- 
burned gases rising from the coal on an area of 20 square feet, 
the bars of each furnace being 2 feet 6 inches wide, by 8 feet 
in length ; the six Aimaces of each boiler thus presenting an 
aggregate bar surface of 120 square feet. 

Now the disposing profitably of this mass of flame is the 
really important question. If left to itself, and duly supplied 

* Rudimentary Treatise on the Marine Engine : by Robert Murray, C.E. 
Weale. 



188 

with air, it would have extended to a distance of 15 to 20 feet 
from the bridge, along which course it would continue profitably 
giving out heat, and producing evaporation. All this capa- 
bility is, however, here sacrificed, since, as already shewn, flame 
cannot pass unimpaired, or unextinguished, through a series of 
metallic tubes, and without being so affected by that subdivision 
which weakens and destroys intensity. 

The management of flame is, we have seen, at all times 
an extremely delicate and difficult operation ; here, however, 
all the processes of nature are deranged. ^ Here is the largest 
volume of gas and flame, concurrentlf with the least provision 
for the admission of air for its combustion ; — the greatest quan- 
tity and intensity of heat in the furnaces, with the shortest run, 
and the least fraction of time for imparting that heat to the 
plate surface. Instead of being allowed to pursue its course, 
and have due. time for the combustion of its carbon, the flame 
is here suddenly and mechanically divided into 360 small 
portions, by being forced into that number of tubes. 

It has already been shewn, that it is essential to the existence 
of flame, that its high temperature be sustained^ until the pro- 
cess of combustion he completed ; yet the most effectual means of 
reducing its temperature, as shewn by Sir H. Davy, is to break 
it up (as is here done) into, numerous feeble portions. The re- 
sult is, that the carbon of the gas, (then in the state of flame,) 
instead of being converted into carbonic acid, and producing a 
very high temperature, is, by these cooling influences, reduced 
below that of ignition, and then consequently deposited in the 
form of dense smoke and soot. The boiler now before us. pro- 
duces unvarying columns of smoke of the blackest character. 
So great, indeed, is the quantity of deposited carbon, that the 
tubes are not unfrequently entirely filled, and would remain 
permanently choked, were it not that the fuel, becoming al<- 
temately incandescent, and the bars irregularly covered^ much 
air then passes, and relieves the tubes of the deposited carbon ; 
filling the atmosphere and covering the decks with masses of 
« blacks." 

Next to the admission of tJie air, the length of the run is the 
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most important element of efficiency in the working of a fur- 
nace. Where short tubular boilers are employed in steam ves- 
sels^ the only alternative for avoiding the waste by smoke is 
the use o( anthracite coal; and which, as it contains but little of 
the hydro-carbon gases, comes nearest to the Use of coke in the 
locomotive,* 

With reference to the shortness ^ or rather abacncCj of run 
in this boiler, and looking to the great body of flame produced, 
it may be regarded as rather a fortunate circ urn stance, that 
these maeees of tubes are thus interposed, as they become the 
direct means of cutting short the flame and intense heat^ and 
thus prevent it from passing to the take- up and funnel, and 
keeping them at the dangerous temperature of redness. 

The inference ia, that the tubidar boiler (accompanied by a 
short run, with a large area of fire-grate, and using bituminous 
coalj) is wholly incompatible, not only with perfect combustion ^ 
and obtaining the due measure of heat from the fuel and flame^ 
but even with safety, unless under the influence of some such 
protection, or preventive, as these tubes supply, and which as 
effectually extinguish the flame as the patent fire annihUalor 
does, at the moment its continuance would be productive of 
danger. This is indeed a costly and complicated mode of pro- 
tecting the funnel and up-take. Nevertheless, it has that ef- 
fect, though a very different one from that which had been 
contemplated. 

As illustrative of the want of system in this matter, it may 
be mentiooed that a laud-engine boiler was made at the same 
time, on the ordinary flue principle, but in direct opposition to 
that of this tubular ; — the Imid-boihr having a very long run — 
tlse marine-boiler having scarcely any. In the former, the flue, 
after passing under the boiler, the entire length of 30 feet, was 
led round it to the chimney , thus giving a run of 100 feet 
lineal. By this means not only surface, but distance and tiiiie 

* The owners of the Great BrUm% with tubiJar boilergj have been com- 
pelled to adopt this description of coqI j 1000 t^iia of it hemg put on board 
for each royage. The boilera in thia vessel are on the close tubular 
priDciplf. "*" ' 
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were secured for obtaining heat fixHn the gaseous products^ and 
transmitting it to the water. In this marine-boiler, on the oon- 
trary, by means of the short run, both distance and time are 
sacrificed, and consequently heating power lost. It would be 
difficult, therefore, to reconcile the pnndples on whksh thesei 
two boilers were constructed, seeing that their arrangements 
were in such direct opposition to each other. Either the one or 
the other must have been altogether erroneous. 

Third.— O/* the time allowed for giving out heat.. The ques- 
tion of time and distance being so directly connected, whatever 
influences the one must have a corresponding effect on the other. 
When, however, we consider that the time or interval that can 
elapse between the pasnng the flame from the furnace, and its 
reaching the tubes, can be but a smaUfraetian of a second^ such 
must be wholly insufficient for giving out the heat from so 
enormous a body of flame. In this respect, then, the marine 
tubular boiler is pre-eminently defective. The consequence is, 
thai the generation of steam is almost exclusively confined to 
the re^on of the furnace, and the direct radiated heat from the 
flame in them. 

Fourth. — Of the admission of air. No provision whatever 
is here made, apart from that by the ash-pit. The manifest 
error of such an arrangement will be best understood by 
pointing to the utter impossibility of the 300,000 cubic feet of 
air required for the gas, together with the 600,000 cubic feet 
for the coke from the three tons of coal hourly consumed on the 
bars, to find access through the body of eoei resting on them. 

Fifth. — Of the circulation of the water. In this boiler nothing 
has been done in aid of the circulation, but much, on the con- 
trary, to embarrass both its ascending and desieending currents* 
This is even aggravated by the circumstance of the water- 
space, at the back end, which in jUte^ boilers, as being the coldest, 
and farthest from the furnaces, and most favorable for the 
descending wcUer^ is here the hottest; the great body of flame 
being projected directly against it at C, and therefore most 
unfavorable for that descending current. 

Sixth. — Of the tubes, as heating surface. The value of the 
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fubes^ in a bcamotwe, arises fix)m tlieii^ presenting a larger 
aggregate of internal heating surface for contact with the 
heated gaseous productsr— these beii^ chiefly transparent car- 
bonic acid and oxide, and in all instances free from smoke or 
carbonaceous deposit. In the marine ttibtdar, however, where 
coaX is used, and no such transparent gaseous products exist, 
but on the contrary, where there must be always a large vKdume 
of fuliginous gas and flame, the tube system is wholly inappli- 
cable. 

In adopting the tubular principle in marine bailers^ it was no 
doubt supposed that the increased surfAce would have been 
equally elective and unobjectionable as in the locomotive. 
This inference was drawn, however, without taking into account 
the chemical difference between the use of bituminous coal, in 
the one case, with its accompaniments of gas, flame, and smoke, 
and of coie alone, in the other, but in which none of these exist. 
Neither was it taken into account, that in the loccHnotive, the 
draught, and.tiie all^sseutial volume of air introduced, was 
obtained by artjficid fmm9, and was therefore always sufficient 
and under control ; whereas, in the marine-boiler, the required 
draught could only be obtuned by a great expenditure of fuel 
and heat-^in fact, by heating the funnel 

Seyenth.-^Of eoamumy^ In the use of fuel in this boHer, 
economy is out of the question. The great supply of steam being 
generated from the radiated heat and impact of the flame in the 
fiimaces, the system of forcing the fires becomes am absolute essen^ 
tial; the greater the weight of coal consumed in given times, 
the greater being the amount of available flame produced. 

As to economy of space in limiting the length of the boiler, 
we often deceive Oursdves, since what is apparently saved is 
not all gained. Flue-boilers are comparatively low, admitting 
much of the coal supply to be placed over tiiem. This may be 
done without inconvenience or risk ; often, indeed, with com^ 
parative advantage, the coals so placed thus avoiding the accu- 
mulated deposit of the fine-powdered part, which takes place 
at the bottom of large bunkers when undisturbed, and from 
which that gas is generated which is so often found to ignite in 



192 

spontaneous combustion. Tubnlar boilers^ on the other hahd^ 
are necessarily high^ extending to the deck. The consequence 
is that stowage for the coal must be provided elsewhere, by 
appropriating a portion of the hold to that purpose. 

In the boiler now under consideration, the 360 tubes are 
placed in vertical ranges, 15 in each range. It is needless to 
repeat that the tubes, in ranges 6 feet in height, could not be 
available ; since the lower ranges are the first occupied as being 
the hottest, with an accelerated current in proportion as their 
area is diminished. 

A farther disadvantage of the marine tubular boiler is, that 
there is no place for the deposit of soot, sand, ashes, and other 
matter which accompanies the use of coal; or the scale or sedi- 
ment which is found both inside the tubes as well as outside of 
them, in the narrow water-spaces. The result is, that all this 
matter accumulates in the tubes and bottom of the smoke-box, 
requiring constant attention for its removal. 

Again, to facilitate the removal and the clearing the tubes, 
the entire front of the boiler at D, instead of being water-spcbcey 
as in flue*boilers, is occupied by a series of doors, 6 feet high, 
and which, as they are so liable to be over-heated and warped, 
admit much air, often igniting the unconsumed gas which has 
passed from the furnaces, and sending the flame to the up-take 
and funnel, keeping them at a dangerous temperature, as was 
the case in the steamer ^^ Amazouy^ over-heating these parts 
which were under-deck, and where no means of extinguish- 
ment was available. 

A practical illustration of the disadvantages of small tubes, 
was afforded in the boiler of the steam- vessel, the " Leeds^ in 
which, for the express purpose of deciding the question, one- 
half the boiler was constructed with tubes of 3 inches diameter ; 
the other having enlarged tubes of 7 by 5 inches, as shewn in 
Fig. 120. 
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Fig. 120 
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The result was, that for years no repairs whatever 
were required in the latter, while the former was a continued 
source of annoyance and expense ; besides that, it was less ef- 
fective as a steam generator. Many of the small tubes had to 
be renewed; the water spaces were liable to be filled with 
incrustation ; and the face-plate, in which the tubes were in- 
serted, required to be drawn in, and the tubes again riveted ; 
innumerable patches and additional bolts were from time to 
time introduced to secure the back face-plate, and preserve it 
in its place. 

Here also was a practical confirmation of the fact, that the mere 
circumstance of having a larger aggregate of surface had no ef- 
fect in producing increased evaporation, the aggregate s^irface of 

13 
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the small tubes, in the one-half of the bo3er, being double that of 
the larger ones in the other half. 

An instance of the desire to obtain a large aggregate of inter- 
nal surface^ but without due consideration as to its being 
available or brought into operation^ was shewn^ in the late 
substitution^ in a vessel of great magnitude^ of a tubular for a 
flue boiler ; a change^ however, which was the reverse of being 
beneficial This boiler, as represented in the annexed figures, 
was not less than 18 feet 6 inches high. This may be called a 

Fig. 121. 
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Fig. 122. 
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triple boiler — onejfiue, and two iubvlars. Looking to the courses 
which the steam and water had to take in this boiler^ it would 
be difficult to estimate the amount of obstructions which each 
would have to encounter^ or the impediments interposed to their 
respective functions. 

^ to the general characteristics of marine tubular boilers^ 
Mr. Murray^ in his recapitulation, places them in strong con- 
trast with what he considers the most important requisites, and 
which he enumerates as follows : 
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^' let The boiler should be designed with a sufficient amount 
of heating surface, so contrived, that as little of it as possible 
may be rendered ineffective, either from the retensian of steam in 
contact with it — from the formation of scales within — or from 
the deposition of ashes and soot in the bottoms of the flues and 
tubes." Now, the tubular system, where coal is used, is in direct 
opposition to all these conditions. 

'^2nd. The fire-bar surface should be sufficiently large to 
admit of the necessary quantity of coal being consumed with 
thin open fires." The policy of this condition, of thin open fires, 
may be correct, where the boilers are sufficiently large, and the 
consumption of fuel slow, as in the Cornish boiler; but is inap- 
plicable in the marine tubular^ which, by reason of the short 
run, and the necessity of throwing so much duty on the fur- 
naces, involves the necessity of hardjiring and the forcing 
system. 

'^3rd. That the proper area be maintained through the 
flues and tubes, and that the passage to the chimney be such 
that the draught be not interrupted." In the tubular boiler, 
the interposition of the mass of tubes is peculiarly instrumental 
in checking and interrupting the draught by their cooling and 
other influences, but without which, as already shewn, the 
funnel would be kept at a red heat. 

^' 4th. That the furnaces should be roomy y and that the fires 
should not be larger than can be conveniently stoked." These 
conditions, as just shewn, are the very reverse of what exists in 
the marine tubular, more especially the first, enjoining a roomy 
furnace. The last head of this recapitulation is, however, as 
follows : 

** 5th. Which is, perhaps, the most Important of all, and the 
one most neglected, that experienced and careful firemen be 
provided." Now, what the duties can be which demand such 
care and experience as to make this condition ^^ the most im- 
portant of all," is, however, not intimated, and never has been 
explained by any writer. It is, indeed, much to be feared, that 
the general insufficiency of boilers, caused by the absence of 
many of the truly important requisites, are too often laid to 



197 

the account of careless or inexperienced firemen ; jeU it niaj 
be taken for granted, that if any duties are requured^ beyond 
those of the very simplest character^ and which can be taught 
any able and willing man in an hour^ there must be some more 
serious mal-arrangement than can be remedied by any amount 
of care, skill, or experience on the part of the fireman.* 

This is the more entitled to consideration, seeing, that in the 
above recapitulation, nothing is said of that which is really the 
most important requisite, namely, the provision for the admis- 
sion of the air to the gas generated in the furnace chamber. 
Yet the great question of perfect or imperfect combustion in- 
volveis the providing the relative volumes of air and gas. How 
strange, that with our present knowledge of the chemistry of 
combustion, so much stress should be laid on mere questions 
of proportions, while the main point, tiie primum mobile, is 
neglected. 

On the inadequacy of the short boiler, short run, and short 
time for the performance of its several functions, Mr. Murray 
judiciously observes as follows : — " Superior economy of large 
bailers. Here arises a principle of economy, from the use of 
boilers of ample capacity to generate steam without the fires 
being unduly disturbed ; and it is believed, that on this ground 
alone, can the alleged superiority of slow over rapid combus- 
tion, be maintained." There can be no doubt on the subject. 

* Where the air is properly introduced, the duties of firemen are all con- 
tained in the following instructions : — 

1st. Begin to charge the furnace at the bridge end, and keep firing to 
within a few inches of the dead plate. 

2nd. Never allow the fire to be so low, before a fresh charge is thrown in 
that there shall not be at least four to five inches deep of clear, incandescent 
fbel on the bars, and equally spread over the whole. 

8rd. Keep the bars constantly and equally covered, particularly at the 
sides and bridge end, where the fuel bums away most rapidly. 

4th. If the fuel bums unequally, or into holes, it must be levelled, and the 
vacant spaces filled. 

6th. The large coals must be broken into pieces not bigger than a man's 
fist 

Cthly. Where the ash-pit is shallow, it must be more fi^quently cleared 
out. A body of hot cinders overheat and bum the bars. 
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The true correctiye then of these inconveniencies consists In 
letting the size of the boiler and its parts be commensurate with 
the demand for steam. 

In illustration of the want of any fixed principle foi^ the in^ 
temal arrangements of the several parts of a boiler, it may be 
mentioned, that during the Parliamentary inquiry on the smoke 
nuisance, engineers insisted on what was considered the main 
essential, and which is the reverse of the present practice, 
namely, that boilers should be large enough; and that waste, 
injury, and the smoke ntusance, were the necessary results 
of making email boilers do the work of larger ones. 

Pressed by the value of space in marine vessels, engineers 
have, however, no alternative. In the arrangement of the 
vessels sufficient space is not allowed; all considerations are 
made to yield to large holds, or large passenger accommodation, 
while the boiler, the very source of its power, is shorn of its 
necessary proportions. Into the short space of ten feet three 
inches, the marine boiler we have just been considering (of 
above 300 horse power) had literally to be stowed, and not 
one inch to spare. To this shortness, therefore, in the boiler, 
is attributable the violation of all the laws of nature in working 
out the processes of combustion, circulation, and evaporation. 
Engineers are required to construct small boilers to do the 
work of large engines, the evil of which has been so well 
illustrated by Mr. Fairbaim in his late publication. Under 
these imperative instructions, they inconsiderately turned to 
the plan of the locomotive. The owners of steam vessels will 
in time find out their error. It is, however, unreasonable that 
limits should first be imposed on the engineer which are incom- 
patible with efficiency and economy, and that he should then 
be condemned for not providing the due quantity of steam, 
and the required amount of pressure ; for causing too heavy a 
consumption of coal ; the frequency of injury to the furnace- 
plates ; the waste of fire-bars ; the great nuisance of smoke ; and 
the rapid deterioration of the boilers themselves. 

The consideration of these results lead to the conclusion, 1st. 
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That the system of numerous small tubes is radically erroneous^ 
both with reference to the carrying and transmitting the 
heated products within them^ and to the currents of steam and 
water outside them. 2ndly. That the placing the mass of tubes 
above the furnaces and flues^ renders the application of the 
tubular system doubly vicious^ by its interference with the 
functions of the steam and water ; thus directly intercepting 
and obstructing their rising and descending currents. Srdly. 
That the short boiler, with its short run system, is directly 
opposed to the operations of nature, as regards the mixture, 
heating and combustion of the gaseous portion of the fuel, with 
the very large quantity of atmospheric air which is absolutely 
required. 

On the peculiarities of the tubular system, Mr. Craddock, 
haying been more comprehensive than other writers, merits 
attention here, and the more so, as he observes, '^ I have been 
thus particular in enumerating all the objections that I have been 
enabled to collect, as being brought against tubular boilers.'' 
These objections are thus stated : — 

1st. Liability to priming or steam passing off to the engine 
mixed with water. 

2nd. Irregularity in the pressure of the steam from the 
small quantity of water such boilers generally contain. 

3rd. Liability of the tubes to become furred up by deposit. 

4th. Greater complexity. 

5th. Greater original cost. 

6th. Greater liability to derangement. 

Now these objections are chiefly of a mechanical nature, while 
those which are overlooked, have reference to other and more 
imp(Mi;ant influences on combustion and its processes. 

To Mr. Craddock's enumeration of objections may then be 
added the following, viz. : — 1st. Forcing the products of com- 
bustion (carbonic acid, nitrogen, and steam,) into the narrow 
orifices of the tubes, and thus producing the most unnatural 
and injurious mixtures with the flame, from which, in the order 
of nature, they had just separated themselves. 
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2nd. Dividing the flame into numerous email portions, thus 
lowering and attenuating its temperature before the process of 
combustion could have been completed 

3rd. Shortening the flame and diminishing its radiating 
power, by the oonyernon of the carbon of the flame into the 
form of soot 

4th. Practically reducing the available surface, by confining 
it to that portion of the tubes through which the products of 
combustion pass. 

5th. Impeding the ascent of the steams not only from the 
surfisu)e of the tubes, but from that of the flues and furnaces 
directly under them. 

6th. Obstructing the drcnlation of Ae footer, both in its up- 
ward and downward currents, by the narrow and intricate 
courses round the tubes. 

7th. Shortening the run, or distance along which the heated 
products have to pass from the furnace to the up-take, where 
they become useless or dangerous. 

8th. Increasing the already too-rapid current of those pro- 
ducts, such current being always the more rapid as the area of 
the tubes is contracted. 

9th. Diminishing the avaUable ^tme which the processes of com- 
bustion, and the transmission of heat naturally and absolutely 
require. 

10th. Practically confining the generation of the steam to the 
furnaces and the plate-surface in connection with them. 

The omission of these serious objections are the more re- 
markable, as Mr. Craddock has, himself, justiy observed, that 
" Time being one of the elementa of first importance in bringing 
about an uniformity of temperature in adjacent bodies, it fol- 
lows, that the greater the time the hot matter (the products) is 
in contact with the surface of the boiler, the nearer will it 
approach the temperature of the water within ; or, in other 
words, the less heat mil pass away tmabsorbed by the water.** 
Now the direct efiect of the tubular system is to shorten the 
time, and increase the rapidity of the current ; thus creating 
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the yery evils he deprecates, by causing a greater portion of 
the heat to pass away nnabsorbed. 

Mr. Craddock further observes, and in the words of the first 
part of this treatise : ^' The most obvious way to produce 
perfect combustion, or to prevent smoke, is to supply the air 
that is required to produce the combustion of the carbon, or 
glowiag coke remaining after the gases are dissipated at the 
bottom of the grate ; whilst the air required for the combustion of 
the earburetted coalrgaSj should he supplied in such a manner as to 
come into due admixture with it, before it is cooled down below the 
temperature of ignition/** 

Here is a true summary of what is required, as to air and 
temperature ; yet the direct effect of the tubes, with their small 
orifice, is to cool down the gas below that temperature. Again 
be adds, '' But the mere supplying the air in sufficient quantity 
at the proper place, and even with a sufficiently elevated tem- 
perature, is not the only condition requinte, as the atoms of 
oxygen must be brought into dose proximity with those of the gas to be 
ignitedj* 

The conditions of perfect combustion are here clearly pointed 
out ; yet so far from the tubular system which he advocates 
being in accordance with these conditions, it is in direct op- 
position in all that regards quantity of air, time, place, and 
temperature. 

On the same point he observes, '^ Bringing such a vast quan- 
tity of the two gases (earburetted hydrogen and atmospheric 
air) into such close proximity, in the short time the gases are 
passing through the furnaces, and before they are too much 
lowered in temperature to be inflamed, is a matter of some 



* Mr. Craddock obeerves, ** Here I am bound to say, that Mr. Williams's 
plaa meets the conditions which chemistry requires for perfect combustion, 
better than any other with which I am acquainted. Mr. Williams proceeds 
upon the principle of mixing the gas in the furnace with numerous small jets of 
air. These innumerable small jets, by reason of their more readily and com- 
pletely mixing with the atoms of the combining gases, must be admitted to be 
well oeJculated to produce that intimate mingling which chemistry shews to ' 
be absobttely necessary," 
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difficulty^ though of great Importance to the prevention of 
smoke^ and the greatest production of heat*" 

It appears strange^ that notwithstanding this enumeration of 
the bad effects arising from ^' the short time" the heated 
products are passing, he should have omitted the worst feature 
of the tubular system, namely, its so shortening the time and dis^ 
tance as to render the required ** close proximity " a physical 
imposdbility. 



CHAPTER XV. 

ON THE USE OF HEATED AIR AND ITS SUPPOSED 
VALUE IN THE FURNACES OF BOILERS. 

Since the appearance of the first part of this treatise, shewing 
the necessity for admitting air to the gases generated in the fur- 
nace, apart from that admitted bj the ash-pit, numerous patents 
have been taken out for effecting that purpose. 

With the view of obtaining credit for ori^nalitj, none have 
attracted more attention than those which assumed that the air 
introduced was to be heated, and that it would thereby become 
more effective. These plans, however, do not merit notice, 
either on the ground of theory or practice. It is right, never- 
theless, that the public be put on their guard against being misled 
by the many plausible theories connected with this hot car 
system. 

Among the devices by which the public have been led 
astray, may be mentioned, the use of hollow bars, supplemental 
flues, calorific plates, self-acting valves, double grates, heated 
tubes, and such like contrivances, — some of which have already 
b6en noticed, — overlooking the fact, that the whole question, 
as regards furnaces, and the best use of fuel, depends on the 
bringing the solid and gaseous constituents of the coal and the 
atmospheric air together, in the proper way. 

When these so called inventions came to be examined, it was 
found that they were incapable of imparting any sensible de* 
gree of heat to the great volume of air required. That they 
were, in fact, but so many proofs of the ingenuity of their 
respective advocates, and of the ease with which the public 
may be imposed on ; and that the announcement of a scheme for 
consuming) or of preventing smoke, by the use of hot-air was 
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a mere professional and ad captandum averment, based on no 
principle, justified by no proofs, and supported hj no cliemical 
or practical authority. 

The idea that there was some undefined value in the use of 
hot-air, originated in the hot-blast system in the manufacture of 
iron. The principle or process by which iron may be melted 
has, however, so little relation to that by which the combustion 
of the coal gas in furnaces is effected, that bo analogy whatever 
exists between them. 

To shew in a still stronger point of view the deception prac- 
tised, either on themselves or on others, it may be observed 
that it is not to the coke or incandescent part of the fuel on the 
bars that these patentees would apply the hot air, (as is done in 
the iron furnaces,) but to the gtues in the fiimace chamber, 
where the great disproportion between the relative bulk of 
the air required, and the gas, is already so obstructive of rapid 
union and combustion, and one of the great difficulties to be 
encountered. 

With reference to the use of hot-air in boiler furnaces, no in- 
quiry appears to have been made, either as to the temperature 
to which its advocates would raise it; or even whether, by any 
of their plans, it would be heated at all. Still there was some- 
thing so plausible in the enunciation of a plan '^ for consuming 
smoke by means of hot air," that it was listened to by many 
who had no means of investigating its supposed merits, or 
detecting its fallacy. 

The first question for inquiry here is, what would be the 
effect of heating the air before it would be introduced into the 
furnace ? Chemically, no change whatever is effected. Mecha- 
nically, however, an important change takes place, namely, that 
its already unwieldy volume is still further increased. Thus, if 
a oubiafoot of air be heated one additional degree, its bulk will 
be increased ^|^ part ; consequently, if heated by an addition 
of 480 degrees, its bulk will be doubled. 

Let us then see if any effect be produced on its constituents 
by this enlargement of its volume. Let Fig. 123 represent a 
body of air at the temperature of 32°, and weighing 36 grains. 
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viz., 28 grains of nitrogen^ and 8 grains'of oxjgen ; these being^ 
the proportions as they exist in the atmosphere. 



Fig. 123. 




Air at 32^ «• 86 grains » 28 nitrogen, 8 oxygen. 

Again, let Fig. 124 represent the same weight of air, heated 
to the temperature of 32 + 480 = 512° ; its bulk being then 
doubled. Nevertheless, there are still but the same relative 
weights, viz., 28 grains of nitrogen and 8 grains of oxygen, and 
no mare. 



Fig. 124. 




Air at 820 » 35 grains «* 28 nitrogen, 8 oxygen. 



Now, as the efficiency of the air in producing combustion 
and generating heat is not in the proportion of the bulk, but of 
the we^JU of oxygen it contains, nothing has been gained by such 
increased temperature ; while this great practical disadvantage 
has been incurred — that double the volume of air must be intro- 
duced into the furnace ; and, of course, double the draught 
must be obtained before the same quantity of gas can be con- 
sumed. 

The practical inconvenience of enlarging the volume of the 
idr by heating it is easily illustrated; for if the oxygen of 
300,000 cubic feet of air, at atmospheric temperature, be re- 
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quired for combustion of one ton of ooal, it would require that 
of 600,000 cubic feet if raised to 512 degrees — a volume wfaibh 
no natural draught would be equal to. 

Sir H. Davy sajs^ — '^ Bv heating strongly goiet that bum with 
difficulty, the continued inflammation becomes easy.** Thus^ 
as they are more easily inflamed when hot than cold, we have 
this testimony in favour of heating the gae rather than the air. 
With reference to heating the air, and thus expanding it. Sir 
H. Davy does not appear to have attempted it; but he has 
done what was more to the point — ^he tried the effect of candem^ 
ing it. Professor Brande says, — ** Sir H. Davy found con- 
siderable difficulty in making the experiments with precision ; 
but he ascertained that both the light and heat of the flames of 
sulphur and hydrogen were increased in air condensed fotar 
timeSiV This is decisive against heating the air, and in favour 
rather of condensing it* 

If, as already shewn, by heating the air we necessarily en- 
large its bulk, and reduce the weight of oxygen in each cubic 
foot, we as necessarily diminish its efficacy in the furnace. 
Under such circumstances, the only alternative would be the in- 
creasing the draught, to compensbte by increased quantity for 
diminished weight. Were it possible to heat the air without 
causing any enlargement of its bulk, we should then be in a 
position to decide on the relative merits of air at any given 
temperature. As, however, that is impossible^ it is indisputable 
that we gain nothing by heating the air, more especially when 
we do so by the suicidal means of taking heat from the very 
furnace in which it was to be used, while we should seriously 
embairass ourselves by having to increase the draught, and 
which could only be done by some mechanical blowing 
apparatus. 



* Mr. David Mushet, in a letter on the hot air fallacy, well describes peo- 
ple flying to produce " a great revolution in steam engine Aimaces, by ap- 
plying hot air to the mere combustion of coal ; " and settles the question at 
once when he says, '^ The value of dense air in promoting combustion is so 
undeniably established, that we should do better to attempt to soHd^ it, in 
contact with combustible matter, rather than to volatiUze it." 
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Again, see the physical difficulty which heating the lur would 
create in the preliminary operation of mixing : the atoms of gas 
being thrown at a greater distance from each other, by the 
enlargement of the bulk of the intervening air, as shewn in the 
annexed figures. 



The large circles represent atoms of 
air, and the small black circles those 
of the gas ; each of the latter being in 
contact with four of the former, equal 
to ten times its volume. 




Fig, 126. 



Fig. 126 represents the 
same weight of gas and 
air; the only difference 
being, that the air is 
shewn with its enlarged 
volume consequent on its 
increased temperature. 

Here is truly repre- 
sented what would occur 
by heating the air, the 
atoms of gas being thrown 
so much further apart, 
and consequently pro- 
ducing a corresponding 
difficulty in effecting that atomic mixture which is the main 
requisite of combustion. Thus, in whatever point of view the 
subject is considered, it is manifest no chemical or practical 
good can be effected by heating the air. 

The use of hot air having engaged the attention of Mr. 
Prideaux, in connection with some departments of the manu- 
facture of iron, he endeavoured to reduce his theory to practice ; 
but candidly admits that ** his anticipations were not realized.^' 
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His obsenrations, however, as given in his treatise already re- 
ferred to, are so conclusive against the use of hot air, and so 
confirmatory of what is said above, that it can only be a matter 
of surprise he should have lent himself to the hot air fallacy. 

He correctly observes, — *' There is, no doubt, more heat 
contained in the products of combustion from a given weight of 
coal and air heated before ignition, to 720°, than would be 
contained in the products of the same quantities by weight of 
gases ignited at the temperature of 60°. When we take given 
fneasureSi however, instead of pven weigUsy the case is reversed.^ 

This is the whole case of the furnace: it is not the measure of 
the air introduced, but the weight of oxygen in each cubic foot 
that will influence the amount of heat generated. His reason- 
ing throughout is '' in explanation of the effect of hot air in 
diminishing the heat of the working chamber of reverberatory 
furnaces," and he might add, d fortiori in the furnaces of boilers, 
where no aid could be had from mechanical draught or 
pressure, to counteract the effect of that increased volume 
which heating the air would produce. 

Again, he observes, ** Whenever I took any steps to effect 
this object in the puddling furnace, I encountered the &ct, that 
precisely as my arrangements for heating the air became more 
perfect, did I destroy the draught through the fuel, deaden the 
fire, and lessen the yield of iron. This unexpected result I 
attributed to the rarifaction of the air in the ash-pit. When 
the atmosphere is 60°, air is douhle in volume at 568°. When 
thus rarified a mtich smaller quantity wiM pass in a given time^ under 
the ordinary pressure of the atmosphere^ than would pass were the air 
at 60°, and, consequently, of double the density. The result is, 
a greatly diminished draught, and less intense combustion; and 
it is to not having rightly appreciated these conditions that the nu- 
nstrovs failures which have been incurred in attempting to apply 
heated air to furnaces, mtisty in part , be attributed J^ 

Beasoning cannot be more correct, and at the same time 
more conclusive, against the error of attemptiag to increase the 
efficacy of the air, in the combustion of coal gas, by heating it. 



CHAPTER XVL 



ON THE INFLUENCE OF THE WATER GENERATED IN 
FURNACES FROM THE COMBUSTION OF THE 
HYDROGEN OF THE GAS. 

Already many proofs have been given of the injurious results 
of the tubular system^ where gas and flame have to be dealt 
with. There is one other circumstance still to be mentioned, 
and which demands particular attention, namely, — ^the genera- 
tion of a large quantity of water in furnaces in which coal gas 
is produced and consumed, and which, being in the form of 
steam, becomes the largest product of that combustion. 

In the ordinary use of coal gas, the presence of this water of 
combustion attracts no attention, — ^generated as it is in small 
quantities from the flame of each separate burner. From the 
enormous quantity of gas, however, which is hourly generated 
and consumed in large furnaces, the great quantity of water 
formed will be found accompanied with evils of a serious 
magnitude, unless due provision be made for its disposition. 
It seems strange that the numerous writers on the construction 
of boilers, and the combustion carried on in their furnaces and 
flues, should have omitted all reference to this great quantity 
of water, and the important difierence in the mode in which it 
is disposed of, in flue and tubular boilers.* 

• It appears, by a paper read at the Institution of Giril Engineers, June. 18, 
1848, that in consequence of the serious iigury sustained by the books in the 
Library of the Athenseum, London, the attention of Mr. Professor Faraday, 
as well as of other scientific members, was drawn to the subject of ventilating 
tbe lamp burners. The result was the adoption of a system, by which tbe 
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The fact of this great quantity of water being produced 
admits of no doubt. Bituminous coal, we have seen, contains 
from 5 to 6 per cent, of hydrogen^ and as each pound of hydro- 
gen^ in combustion^ combines with eight pounds of atmospheric 
oxygen, the product is 9 lbs. of water. Each hundred weight 
of coal then, containing on an average 5^ lbs. of hydrogen, 
the product will be nearly 50 lbs. of water. Thus the gas 
from each ton weight of coal wiU produce about half a ton 
weight of water, in the form of steam. 

When the coal gas is generated in the furnace, the first 
operation towards its combustion is the union of its hydrogen 
with the oxygen from the air, forming water. This chemical 
union, as already shewn, produces that intense heat which 
raises the other constituent — the carbon, to the temperature of 
incandescence in the form of bright visible flame. It is this 
heat which, on being appUed to some solid body, as charcoal, or 
lime, produces the extraordinary luminosity exhibited in the 
oxy-hydrogen microscope. 

The water thus formed, flies ofi^ in invisible radii, from the 
surface of the flame, and with the explosive force due to its 
high temperature. The presence of this water may be made 
visible by approaching any cold polished metallic body (as the 
blade of a table knife), near to, but not touching, the flame of 
a candle. The previously invisible radii of steam will then be 
seen condensed, like moisture, on the polished surface. 

This may be exhibited on a larger scale by holding a new 
tin kettle of cold water, with a bright bottom surface, one or 
two inches above the glass chimney of an Argand gas burner. 
The water of combustion will soon appear condensed on the 
bottom, in presence of, and as it were in defiance of, the great 
heat to which it is exposed. This will continue until the 
water in the vessel reaches a temperature of 80°. 



water, and other products of the combustion of the gas, are eflectually carried 
away. The plan consists of placing a second glass cylinder, larger and taller 
than the ordinary one, over it. This outer glass is closed at the top, and the 
products, passing dowiiwards betweei^ the two glasses^ are carried away by a 
metal tube to the chimney stacks 
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Fig. 127. 




By the apparatus shewn in the annexed Figure 127, this 
water may not only be condensed^ but collected. It consists 
of a tin vessel^ A, about four feet long, filled with cold water:— 
the flame of a large gas burner B, and the heated products 
passing through the flue C, slightly inclined from c to D, to 
favour the escape of the condensed water of combustion. 

The flame and other products of the gas being directed 
through the flue, the steam will be condensed within it, and 
the water will continue dropping from the lower end into the 
vessel E, as long as the flue remains sufficiently cold : — the 
other products passing off by the funnel, and at a very low 
temperature. 

This process may be continued for any length of time by 
having some ice in the water to keep the temperature of the 
flue sufficiently low to promote immediate condensation of the 
steam. Here the fiame appears literally converted into waierj 
these being the only two of its products that are visible. 

It is now to be considered, how is this great volume of steam 
to be disposed of. 

In boilers on the fluLe system where there is sufficient room, 
this steam produces no injurious effect, by reason of its having 
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space to separate itself irom the flame^ as rapidly as it is 
generated. 

In the tubular system^ however^ the iojurious influence of 
this mass of steam is serious and palpable. Instead of paseong 
away in a flue^ with a sectional area of 8 or 10 square feet^ it 
is forced by the draught into the hundreds of small metaUic 
tubes of but 2 or 3 inches area^ and thus brought into imme- 
diate and even atomic contact with the flame from which it had 
just been separated^ — both struggling to enter their narrow 
orifices at the same moment. The immediate and ineidtable 
result of this compulsory mixture is^ the cooling the atoms of 
the carbon, which gave luminouty to the flame, and its con- 
sequent extinguishment, precisely as the steam formed by the 
combustion in Phillips' fire annihilator acts on flame, when 
brought into contact with it. By the tubular system, the 
great body of steam being thus mechanically compressed into 
the closest possible contact with the flame on entering the 
mouths of the tubes, is compelled to act the part of the 
annihilator. 

It is this artificial mixture of the dry carbon with the steam 
that forms the sooty incrustation in the interior of the tubes, 
flues, and chimney. Were it not for the presence of this 
steam, the dry pulverulent carbon, such as we see collected on 
the wick of a tallow candle (where the new-formed water has 
no access to it) would, from its levity and dryness, pass off 
rapidly by the chimney: forced, however, into contact with the 
steam, a black, pasty, non-conducting mass is formed, adhering 
to whatever it touches, and soon, from the heat, becoming hard 
and solid. 

It need scarcely be observed, that nothing of this kind occurs 
in the tubes of the locomotive; no hydrogenous gas being gene- 
rated — no steam of combustion formed, and, consequently, no 
carbon or soot deposited. 

The provision which nature has made for the immediate 
separation of the water from the heated flame may be noticed 
in what takes place in the flame of a candle. When left to 
themselves, the several products of the combustion of the gas, 
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rapidly and effectually separate, so as not to interfere with each 
other, or reduce the high temperature on which perfect com- 
bustion and luminosity depend. 

In the flame of a candle, the undecompoaed and unconsumed 
gas appears surrounding the wick, and in the centre of the bril- 
liant incandescent carbon. Outside this white exterior, and 
forming a semi-transparent film of ^ of an inch in diameter, 
may be observed the vertical stream of carbonic acid gas, the 
product of the carbon ; while that of the other constituent, the 
hydrogen^ were it visible, would \i% seen flying off in radii, until 
absorbed into the surrounding atmosphere. 

Fig. 128. 
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Fig. 129, 




The annexed Fig. 128 will represent a vertical^ and Fig. 129 
a cross section of the flame : a representing the carbonic acid^ 
and b the radiating steam. Instead of imitating this process 
of nature^ in keeping asunder those several products (carbonic 
acidy nitrogen^ and steam^) which would neutralize each other, 
we force them into the most unnatural mixture and union^ 
regardless of their chemical action when brought into contact. 
We here see how absolutely necessary it is that in every stage 
and process of combustion we keep in view those truths of 
nature which chemistry has so clearly indicated. 



CHAPTER XVIL 



ON INCREASING THJE HEAT-TRANSMITTING POWER 
OP THE INTERIOR PLATE SURFACE OF BOILERS. 

This branch of the subject has Utherto been entirely over- 
looked. Inquiry has shewn that the mere providing a large 
internal surface will not suffice for taking up the heat generated 
in large furnaces ; and ihat^ to turn to account any portion of 
that which, under the best arrangement, is now absolutely lost, 
we must look to other means than the tubular system. 

The question for consideration is, whether an iron plate can- 
not be made to transmit more heat to the water than is due to 
its mere superficial area. From what has been shewn of the 
slow rate at which the air enters the furnace, when mechanically 
divided into jets or jUmSy we are not to infer that the gaseous 
products, when raised to a high temperature within the furnace^ 
would pass through the flues at the same slow rate. On the 
contrary, we find those products are hurried across the face of 
the- plates at a considerably increased velocity. This it is which 
calls for increased means of transmisision from the heat to the 
water, when larger engine powers are employed, and more fuel 
is consumed* 

Under the most favorable circumstances of boilers, a larger 
portion of heat will be lost than would be required for merely 
producing the necessary draught. Experiments were, therefore, 
made with the view of counteracting this great waste of heat, 
and which establish^ the fact, that it was possible, to a certain 
extent, to increase the quantity of heat transmitted by any 
given surface of plate. It is true a plate, 10 feet by 10, equal 
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to 100 square feet, presents the same amount of surface area 
as one of 100 feet long by 1 foot wide. As a steam generator, 
however, the effect would be very different : — ^the lineal run or 
distance travelled oyer being as ten to one, and occupying ten 
seconds of time in the first, and but one second in the other. 

When the gaseous products of combustion are carried through 
flues or tubes, this lineal current passes ai rigU angles to the line 
of transmission of the heat through the plate. If, however, we 
heat one end of a rod of iron, a large conducting power is 
brought into actipn, the heat passing longiiudinaUif along its 
fibres. Now this is the power that has been here rendered 
available. * 

Independently of the conducting power which a met^c pin 
or rod may have, it possesses then a receiving power, ^eater 
than is due to its mere diameter. 

Suppose an iron or copper pin of half an inch diameter, in- 
serted in a plate, and projecting into the flue three inches beyond 
its surface^ and across the current of the heated products. In such 
case the portion of such plate occupied by it will be equal to a 
disc of but half an inch in diameter, while the pin itself will 
present a heat receiving surface pf 4^ iiiqheei. By this means 
we obtain an effective heat receiving surface nine times greater 
than the area of the plate which the pin occupied. If, then, a 
series of tbe^e conductors be inserted in the flue and furnace 
plates, there lanU be an increaaed effect &pm the circumstance 
of the current of the heated products being directed against them, 
instead of passing along the surface of the plate. 

The popular impression that the three-legged pot boiled 
sooner than the one without legs, though it passed as a fable, 
was, nevertheless, a true one, — the legs acting the part of heat 
conductors. This was tested by having a large pitch-pot eon- 
structed with twenty legs instead of three — ^the bottom being 
thus furnished with bo many projecting conductors, each six 
inches long. The result was, that pitch or water was more 
rapidly boiled in this than in one of the ordinary kind. The 
principle of projecting heat conductors thus, was shewn to be 
entitled to attention and practically available. 



Fig. 130. 
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Pig. 131. 
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The following experiment is illustrative of the increased 
evaporative effect produced by the conductor pins. In Fig. 
130, 1 and 2 are tin vessels containing the same quantity of 
cold water, 1 being furnished with the conductors made of ^ 
copper wire, and 2 left plain ; a thermometer, 4, being suspended 
in each : 5 is a vertical flue, through which the products from 
the flame of a large gas-burner passed. Fig. 131 is a sec- 
tional view of the same. The temperature in both vessels was 
taken in two-minutes' time. The following are the progressive 
rates at which the water was raised to the boiling point. 

Pan with Condueton. Pan without Conductors. 

Initial Temperature, ei"" Initial Temperature, 6 1"" 16 . 163"" 

After 2 minutes, ISP After 2 minutes, 70° 18 . 171° 

„ 4 „ . 82° 20 . 181° 

„ 6 „ . 101° 22 . 188° 

„ 8 „ . 118° 24. 196° 

„ 10 „ . 130° 26 . 203° 

„ 12 „ . 146° 28 . 210° 

„ 13 „ . 212° „ 14 „ . 156° 29 . 212° 

Thus it appears that the water in the pan with the heat con- 
ductors, was raised to the temperature of 212° in 13 minutes, 
while that in the plain pan required 29 minutes. 

The following experiment shews still further the value of 
assisting the evaporative power by the aid of these conductors. 

Three tin boilers, as in the annexed figures, were placed in 
connection with a large laboratory gas burner. In each was 
put 22 lbs. of water ; 30 cubic feet of gas were consumed in 
each experiment, in two hours and forty minutes. The result 
was as follows : — 

lbs. oz. 
No. 132, without conductors, evaporated 4 14 of water. 

133, with conductors on one side only 7 14 „ 

134, with conductors projecting on 

both sides . . . .85 ,, 



» 4 


99 


. 96° 


» 6 


99 


. 124° 


» 8 


99 


. 151° 


„ 10 


*> 


. 177° 


„ 12 


»» 


. 201° 
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Fig. 132^ 



Evaporated 



41b. Uoz. 






Fig. 133. 



Evaporated 



71b. Uoz. 




^ 1 n B n II m rrrrnf 



^# 
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The quantity of gas consumed was the same in both cases^ 
— the heat generated was the same^ — ^the area of flue plate 
was the same, — ^the difference in effect was therefore alone 
produced hy the greater quantity of heai transmitted to the watery 
longitudinally^ through the conductors. 

In this case, the heat conveyed to the water, and that es- 
caping by the funnel, shewed that where the waste heat was 
greatest, the evaporative power was necessarily the leasts 





Fig. 132. 




Pan wWuml Oonduetors. 


Oas oonnimed. 


Heat of Water. 


. 


. 58 . 


5 feet 


. 120 . 


10 


. 152 . 


16 


. 162 . 


20 


. 164 . 


25 


. 166 . 


30 


. 166 . 



Heat escaping. 
62 
382 
390 
395 
396 
402 
406 



988 
Evaporated 4 lbs. 14 ounces. 

Fig. 133. 
Fan wiA Conductors projecting on one aide. 



2432 



Gas ooDsniiied. 


Heat of Water. 


Heat eacaptng. 


• • • 




58 






62 


5 feet 




143 






257 


10 




160 






280 


15 




172 






385 


20 . . 




178 






392 


25 




186 






300 


30 




188 






320 



1085 
Evaporated 7 lbs. 13 ounces. 



1996 
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Fig. 134. 


Pan with Conductors prqfectinff on both sides. 


Oas consumed. 


Heat of Water. Heat escaping. 


• a 


. 58 .... 62 


5 feet 


. 152 . . . . 248 


10 


. 174 . . . . 273 


15 


. 178 . . . . 276 


20 


. 182 . . . . 278 


25 


. 186 . . . . 282 


30 


. 188 . . . . 284 




1110 1703 




Evaporated 8 lbs. 5 ounces. 


The comparison of the three pans then stands thus : — 




Heat retained. Owt lost. 


1 Pans without conductors 988 2432 


2 


„ single conductor . 1085 1996 


3 


„ double conductor . 1110 1703* 



Numerous instances might here be given of the successful 
application of these heat conductors both in land and marine 
boilers^ in which several thousands of 3-inch pins have been 
inserted^ and where they have been for years doing constant 
duty without a single failure or leakage. 

It is here worthy of remark that M. Peclet, in his Traite de la 
Ohaleur, has suggested a similar mode of increasing the trans- 
mitting power of a given area of a plate. He begins by dis- 
tinguishing the three characteristics of a plate. Firsts — the 
reception of heat by one jside. Second^— its emission from the 
other side. And Third, the power of conduction through the 
body or thickness of the plate. He then observes that a plate 
of metal has the power of transmitting far more heat than it is 

* These, and other experimentd in illustration of the same results, were 
published in the Mechanics' Magazine, in 1842. 
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really and practically called on to transmit, on account of the 
current by which the heat is hurried along the face of it. 

Among the modes of counteracting this rapid current, he 
observes : — " If the plates were crossed by metallic bars, which 
should project to a certain extent into bothjhids (gaseous or liquid), 
one of which was to heat the other, the extent of surface con- 
tact being increased (by the bars), the quantity of heat transmitted 
would be increased, and the more so, as the stratum or film of the 
fluid in contact with the bars would be continually changing." 
He then supposes a case of hot air (as the products of combus- 
tion in a flue) passing through a tube surrounded by water, 
to which the heat was to be conveyed, and being traversed by^ 
metallic bars projecting both inwards and ofdwards. In such case 
the interior projections will become heated, and this heat, 
passing along the bars, will be given out from their surfaces. It 
will here be seen that this is identical with the illustrations 
here given. 

M. Pedet observes, that this arrangement has not hitherto been 
put in practice. He was not aware, however, it may be assumed, 
that it had been previously,' and many years, in practice both in 
land and marine boilers. 

Conductor pins were applied to the boilers of a six-horse 
engine. The result was, that each inch deep of water which 
previously required 28 minutes to evaporate, was, by means of 
the conductors, done in 21 minutes.* 

Encouraged by these results, conductor pins have been, during 
the last 12 years, introduced into many marine and land boilers 
with unquestionable success. After many years of observation 
as to their durability, the conclusion is, that a projection into 
the flues of 3 inches is the most advisable. If longer, they 
will bum away to about that length. 

* Dr. Ure, impressed with the same view, made some experiments witib 
corrugated plates. The effect, he observes, (see his Dictionary of Arts,) was 
remarkable : the water evaporated when the current of heated products passed 
across the corrugations, and, as it were, striking against them ; being so much 
grater than when it ran in the same direction. On the same principle, the 
heat transmitted was increased when the current of the products was inter-' 
cepted by the conductors. 
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Supposing the conductor to be made of half inch rods and 
inserted at intervals of 8 inches, the strength of the plate has 
been tested and found to be rather improved, the conductor 
pins apparently acting the part of floor bridging, and giving 
increased stiffness. 

Supposing the area of the flue to be two feet square, then 
the introduction of the pin conductors may be as shewn in the 
annexed Fig. 135.* 



Fig. 136. 




As illustrative of the mode and extent to which the system 
has been practically applied. Fig. 136 and Fig. 137 represent a 
plan and section of the boilers of ^^ Tfie Boydl WiUiam?^ 
These boilers have been in constant use for the last 5 years, 
and wil^ the most perfect success as regards economy of fuel, — 
freedom from the smoke nuisance, — evaporative power, and 
durability ; — ^the number of conductor pins are 4359» 



* The principle of these conductor pins has been adopted in sugar boiler 
panis, and other descriptions of evaporatiye vessels ; and would no doubt be 
applicable to the operations of brewing and distilling. 
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Fig. 136. 




Fig. 137. 
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I 

The plan of the boiler described as Lamb and Summers' 
patent^ may here be given^ inasmuch as one of its peculiarities 
is connected with the use of the heat conductors, and precisely 
corresponding with the description given by M. Pedet, — the 
flue being '' traversed by metallic bars^ and which here act the 
double purpose of stays (as in locomotive boilers) and heat 
conductors. 

In the boilers of the Peninsular and Oriental Steam 
Company's Ship ^^ Pacha^ as in Figures 138 and 139, the stays 
which act the important part of double heat conductors are of 
fth-inch iron; of these there are 1920, and as they act efiectu- 
ally on the water spaces on each side, do the duty of 3840 most 
effectiye heat conductors. 

The Patentees state that the superiority of this plan over ' 
the common tubular '^ consists in the faitlity for cleaning ; that 
is, for the removal of the scale or deposit which takes place so 
largely in the boilers of sea-going vessels. The vertical water 
spaces of these boilers afibrd an easy means of cleaning the sides 
of the flues, and so enable the water to come in contact with the 
iron flue. That in tubular boilers the horizontal position of the 
water spaces between the tubes renders it an impossibility to 
clean them ; the consequence of which is, that a constant suc- 
cession of deposit takes place. The flues of boilers which have 
been constantly at work since 1850 present no appearance of 
deterioration." 
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Fig. 1S8. 
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Fig. 139. 




The principle is too self-evident to avoid adoption hereafter 
in all descriptions of vessels where heat has to be communicated^ 
or abstracted. 



CHAPTER XVIII. 



ON THE GENERATION AND 0HARA0TERISTI08 OP 

SMOKE. 

So much has been said and credited on the subject of the burn- 
ing and combustion, and even canstmptiony of smoke ; and it has 
been so often asked. What is smoke f that the subject cannot 
here be dismissed without comment. 

Dr. Lardner has observed, that on coal being thrown on a 
ftimace, ''a smoke will arise, which, passing into the flue over 
the burning coal, wiU be ignited." With equal correctness 
might he have said, that on coal being thrown into a heated 
retort, a smoke wiU arise, which, passing into tubes, is con- 
veyed to our apartments, and there ignited, giving out both 
light and heat. When palpable errors in description are com- 
mitted by scientific men, it can be no matter of surprise that an 
imobservant public should become familiarized with such 
absurdities as ''smoke burning," and '' smoke -consuming, 
furnaces." 

Before the characteristics of combustible gases were known, 
it was natural that all coloured vapours, rising from heated 
bodies, should be called smoke. So soon, however, as the pro- 
perties of the several gases weie correctly ascertained, through 
the researches of Davy and Dalton, the misapplication of the 
term became unpardonable on the part of those who profess to 
be public instructors on the subject. 

The gas from which smoke proceeds, in a furnace or retort, 
is carburetted hydrogen. The constituents of this gas have 
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been already described ; each atom consisting of two atoms of 
hydrogen and one of carbon. This latter we are warranted in 
assuming to be a solid, contained, and concealed from view, by, 
or within the gaseous volume of the hydrogen, since carbon has 
never yet been produced in the form of a gas, nor hydrogen in 
that of a solid. It is only when their chemiccd union, in the form 
of the coal gas, is broken up, that the carbon becomes visible 
and tangible. Now this circumstance alone furnishes an im- 
erring test of the difference between ^o^ and smoke; a distinc- 
tion which, we shall see, is capable of physical proof. 

When we see a dark yellow vapour rising from heated coal, 
as at the mouth of a retort, or from a furnace, or domestic fire, 
after fresh coal has been thrown on, this colour is not occasioned 
by the presence of carbon, but is caused by the sulphur, tar, or 
earthy impurities which might happen to be in the coaL All 
the^ are subsequently separated from the carburetted hydro- 
gen in the purifying process— the gas remaining transparent — 
so minute are the several atoms of the carbon, and so difiused 
are they when in connection with the hydrogen. That the 
soUd carbon is there, notwithstanding this transparency, is 
proved by its subsequent liberation ; as when a polished body 
is thrust into the flame of a candle or gas jet, and brought out 
with a deposit of the carbon on it. Carbon, in fact, when in 
chemical union with gaseous matter, is always invisible and in- 
tangible. The following experiment will sufficiently illustrate 
these facts, exhibiting both the gas and the smoke in their 
separate states of existence, and with their separate charac- 
teristics. 
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Fig. 140. 








Fig. 140 represents a tin vessel a^ capable of holding a quart 
measure ; in it was placed some small coal^ resin^ and tar, to 
produce a quick and large deyelopment of gas. The lid being 
removed, an iron, 5, made red hot, was introduced, and the 
vessel again close covered. A small tube is then inserted at c, 
to be blown into, as into a blow-pipe, to expel the gas in a 
stream* 

By blowing through this tube, a copious volume of the gas 
will issue firom the nozzle d. That the carbon in this gas is 
inaccessible, is proved by presenting a sheet of paper to the 
stream, and, although it may be slightly stained, if there be 
much tar present, no carbon, however, will be deposited. 

On this stream of gas (many inches long,) being lighted, a 
lurid flame will be produced, but which, becoming cooled down 
before it can be sufficiently mixed with the air, produces a 
large volume of true sqioke. Here, then, is exhibited fh& gas, 
the flame, and the smoke, M the same moment, and in succession. 
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just as they are produced in the fumace^ — ^the gas being con- 
verted into flame^ and the flame into smoke. 

Now let us examine the characteristics of each. The carbon 
in the gas^ as ahready mentioned^ is inaccessible^ being con- 
cealed by or within the atoms of hydrogen respectively^ and 
cannot be separated, or deposited on the paper. On being 
lighted, the hydrogen combines with the oxygen of the air 
forming steam, which flies ofi^, as already described. The re- 
sult is, the libertxtion of the atoms of carbon, either to be converted 
into carbonic acid, (if the heat can be continued,) or deposited 
in the form of the fine lamp-black powder, as we see it col- 
lected on the wick of the tallow candle. This may be tested 
by presenting the white paper to it, when a large quantity of 
this black carbon will be deposited on it. We here see the 
double error of mistaking smoke for gas, and then assuming that 
the former can be burned. 

It may be well here to notice an error with which we are 
generally impressed, namely, that the cloudy volume of smoke, 
as we see it issuing from a chimney, and filling a large space 
in the atmosphere, is formed of carbonaceous matter. 

With equal propriety n^ight We say, if we put a few drops 
of ink into a glass of clear water, and thus give it a blackened 
colour, that the whole would become a mass of ink. This 
black cloud is merely the great mass of steam, or watery va- 
pour, formed in the furnace, as already described, but coloured 
by the carbon; and when we consider, that no less than half a 
ton weight of water (in the expanded form of steam) is produced 
from every ton weight of bituminous coal consumed, we can 
easily account for the enormous volume and mass of this 
blackened vapour called smoke, as it appears to our vision, and 
the palpable error of supposing that this cloud of incombustible 
matter was capable of being consumed, or converted to the 
purposes of heat. 

Were it not for this mass of steam the carbon would soon 
fall, as a cloud of black dust ; but, being intimately and atomi- 
cally mixed with the large volume of steam from the furnace, 
it is carried along by the atmosphere, only difiering in colour. 
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like the cloud of steam we see issuing from the chimney of a 
locomotive when in action. 

With the yiew of bringing the subject to the test of high 
chemical experience and authority, I submitted to Professor 
Brande the following extracts from a printed paper, being the 
substance of one of my communications to a public auditory in 
Manchester, and here give his reply. 

Ta W. T. Brands, Esq., L9ttd4M. 

" Liverpool, Nov. 25, 1841. 

"My dear Sir, — With this you will receive a copy of a printed paper on 
the ' Generatioa of Smoke,' writteD by me for the purpose of exphhiii^ the 
grounds on which I object^ chemically, to the use of the term, * the burning or 
combustion of smoke,' as applied by patentees to their respective plans of 
ftimaces. This papar was intended not only as a justification of myself, as 
regards the chemistry of combusticm, and the objects and effects of my own 
furnace, but as a reply to the 'smoke-burning' views of others,, to which X 
am necessarily opposed. 

'^ Wishing to have your views, professionally, on the chemical part of -the 
subject^ as stated by me in this paper, I have to request your opinion on the 
same. 

" I am, very truly yours, 

« C. W. WILLIAMS." 



"ON THE COMBUSTION OF COAL AND THE PBEVENTION 
OF SMOKE. 

A consideration of the nature of the products into which the 
combustible constituents of coal are converted in passing 
through the furnace and flues of a boiler^ will enable us to 
correct many of the practical errors of the iskj, and aseertain 
the amount of useful effect produced, and waste incurred. 
These products are : 

1st. Steam — ^highly rarified, invisible^ and incombustible. 

2nd. Carbonic acid-^-invisible and incombustible. 

3rd. Carbonic oxide — invisible, but combustible. 

4th. Smoke — visible, partly combustible, and partly incom- 
bustible. 
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Of these^ the two first are the products of perfect combus- 
tion, the latter two of imperfect combustion. 

The first — steam — is formed from that portion of the hydro- 
gen (one of the constituents of coal gas,) which has combined 
chemically with its equivalent of oxygen from the air — ^in the 
proportion of one volume of hydrogen to half a volume of 
oxygen ; or, in weight, as 1 is to 8. 

The second — carbonic acid — is formed from that portion of 
the constituent, carbon, which has chemically combined with 
its equivalent of oxygen, in the proportion of 16 of oxygen to 
6 of carbon, in weight; or, in bulk, of one volume of the latter 
to two of the former. 

The third — carbonic oxide—is formed from that portion of 
the carbonic acid which, being first formed in the furnace, 
takes up an additional portion of carbon in its passage through 
the ignited fuel on the bars, and is then converted from the 
add into the oadde of carbon ; thus changing its nature from an 
incombustible to a combustible. This additional weight of 
carbon so taken up, being exactly equal to the carbon forming 
the carbonic acid, necessarily requires for its combustion the 
same quantity of oxygen as went to the formation of the acid. 

The fourth — smoke — ^is formed frx>m such portions of the 
hydrogen and carbon of the coal gas as have not been supplied 
or combined with oxygen, and, consequently, have not been 
converted either into steam or carbonic acid. 

The hydrogen so passing away is transparent and invisible ; 
not so, however, the carbon, which, on being so separated from 
the hydrogen, loses its gaseous character, and returns to its 
natural and elementary state of a black, pulverulent, and finely- 
divided body. As such, it becomes msibUy and this it is which 
gives the dark colour to smoke. 

Not sufficiently attending to these details, we are apt to give 
too much importance to the presence of the carbon, and have 
. hence fallen into the error of estimating the loss sustained by 
the blackness of the colour which the smoke assumes, without 
taking any note of the invisible combustibles, hydrogen and 
carbonic oxide, which accompany it. The blackest smoke is» 
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therefore, by no means a source of the greatest loss; indeed, 
it may be the reverse ; the quantity of invisible combustible 
matter it contains being a more correct measure of the loss 
sustained than could be indicated by mere colour. 

This will be still more consistent with truth, should any of 
the gas (carburetted hydrogen,) escape undecomposed or 
unconsumed, as too often is the case. 

In the ordinary acceptation of the term '' smoke," we under- 
stand a22 the products, combustible and incombustible, which 
pass off by the flue and chimney. When, however, we are 
oonadering the subject scientifically, and with a view to a 
practical remedy against the nuisance or waste it occasions, we 
must distinguish between the gas as it is generated, and that 
which is tixe result of its imperfect combustion. In £act, with- 
out precise terms and reasoning, we disqualify ourselves from 
obtaining correct views either of the evil or tiie remedy. 

Now, let us look at this gas, which we are desirous of con- 
verting to the purposes of heat, under the several aspects in 
which it may be presented under the varying degrees of tem- 
perature, or supplies of air. 

In the first instance, suppose the equivalent of ur to be 
supplied in the proper manner to the gas, namely, by jets, for 
in this respect the operation is the same as if we were supply- 
ing gas to the air, as in the Argand gas-lamp. In such case, 
one half of the oxygen absorbed goes to form steam, by its 
union with the hydrogen ; while the other half forms carbonic 
acid, by its union with the carbon. Both constituents being 
thus supplied with their equivalent volumes of tiie supporter, 
the process would here be complete— perfect combustion would 
ensue, and no smoke be formed ; the quantity of air employed 
being ten times the volume of the gas consumed. (See Fig. 141.) 

Again, suppose that but one half, or any other quantity, 
less than the saturating equivalent of air were supplied. In 
such case, the hydrc^en, whose affinity for oxygen is so 
superior to that of carbon, would seize on the greater part of 
this limited supply; while the carbon, losing its connection with 
the hydrogen, and not being supplied with oxygen, would 
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assume its original blacky soEd^ palvemlent state^ and become 
true smohe. The quantity of smoke then would be in proportion 
to the deficiency of air supplied. 

But smoke may be caused by an eoceess as well as a deficiency 
in the supply of air. This will be understood when we con- 
sider that there are ^ti^o conditions requisite to effect this chemi- 
cal union with oxygen, namely, a certain degree of temperature 
in the gas, as well as a certain quantity of air ; for, unless the 
due temperature be maintained, the combustible will not be 
in a state for chemical action* 

Now, let us see how the condition, as to temperature, may be 
affected by the quantity of air being in excess. If the gas be 
injudiciously supplied with air, that is, by larger quantities or 
larger jets than their respective equivalent number of atoms 
can immediately cornbine mth, as they come into contact, a cooling 
effect is necessarily produced instead of a generation of heat. 
The result of this would be, that, although the quantity of air 
might be correct, the second condition, the required tempera- 
ture, would be sacrificed or impaired, the union with the oxygen 
of the air would not take place, and smoke would be formed. 

Thus we perceive that the mode in which the sdr is introduced 
exercises an important influence on the amount of union and 
combustion effected, the quantity of heat developed, or of 
smoke produced ; and, in examining the mode of administering 
the ur, we shall discover the true cause of perfect or imperfect 
combustion, in the furnace, as we see in the lamp. This circum- 
stance, then, as regards the manner in which air is introduced 
to the gas, (like the introduction of gas to the air,) demands 
especial notice, as the most important, although the most 
neglected, feature in the furnace, and in which practical 
engineers are least instructed by those who have undertaken 
the task of teaching them. 

We see, then, how palpably erroneous is the idea, that 
smoke, once formed, can be consumed in the furnace in which 
it is generated, and how irreconcilable is such a result with the 
operations of nature. The formation of smoke, in fact, arises 
out of the ffulure of some of the processes prefatory to com- 
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bustion, or the absence of some one of the conditions which are 
essential to that consummation from which light and heat are 
obtained. To expect, then, that smoke, which is the very 
result of a deficient supply of heat> or air, or both, can be con- 
sumed in the furnace in which such defident supply has 
occurred, is a manifest absurdity, seeing that, if such heat and 
air had been supplied, this smoke would not have existed." 



Ofvmon qfVf. T. Bhandb, Esq., Professor of Chenmtry at the Royd 
ImtUutUmy London, on the preceding Paper. 

Royal Mint, 29th Nov., 1841. 

Dear Sir,— I quite agree with you as to the distinction which ought always 
to be made and observed between the ^^ prevention of the formation of smoke," 
and the ^' combustion of smoke after it has been made;" and also, as to the 
necessity of accurately defining what is meant by the term " smoke," 

I have carefully perused the printed extract of your lecture on these sub- 
jects, delivered at tiie Victoria Grallery, Manchester, and am ready to admit 
the general correctness of the chemical principles upon which your views are 
founded. The colour of the smoke is, as you properly observe, no criterion of 
the loss of combustible matter, or of the waste incurred by any particular 
form of combustion. 

Carbonic oxide, carbnretted hydrogen, and various hydro-carbons, in the 
form of vapour, may escape, and often do escape, ininsibfy, from the chimney ; 
and, as they are all combustible, are, strictly speaking, so much loss of fuel. 
Steam is also an invisible product of combustion, and a constant ingredient of 
smoke. 

Your system of throwing jets of air into the inflammable gases and vapours 
which constitute so large a part of the matters which, in many ill-constructed 
fire-places and furnaces, escape by the chimney along with the finely-divided 
carbon, or biack smoke, renders them all available as sources of heat ; and 
where that system is perfectly applied, the smoke can consist of very little else 
than carbonic acid, steam, and nitrogen ; all incombusUble, and also incapable 
of supporting combustion. 

Yours, my dear Sir, very faithfully, 

WILLIAM THOMAS BRANDE. 
C. W. Williams, Esq., Liverpool. 
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Fig. 141. 
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APPENDIX. 



REMARKS ON THE FOREGOING MODE OP EFFECTING 
THE COMBUSTION OF COAL IN FURNACES. 



REMARKS BT MR. BRANDE. 

Royal Ifint, London, 26th November, 1840. 

Mt dear Sib, — I am oonvinced, that you are not only practically, but 
theoretically and scientifically, right in regard to the general views put forth 
in your Emy on the Combustion of Coal and the Prevention of Smoke. I 
have long advocated the principles which you have adopted, and have an- 
nually illustrated them in my lectures in the Royal Institution ; but it un- 
fortunately so happens, that when KienHfic men urge new views, or suggest 
the practical adoption of rational theories, they are neglected, because it is 
presumed they are merely founded on unsubstantial hypotheses ; and, on the 
other hand, when /irac^ioo/ men attempt to found improvement on scientific 
principles, they are sneered at as dabblers in science ; and so, both become 
disheartened and disgusted, and the only people who are temporarily successM 
are quaekSf who, pretending to what is called originality, and, neither re- 
ferring to practice or science, steal from both ; but, deficient in all knowledge 
of their own, ultimately mislead their followers ; and, like the alchemists of 
old, not unfirequently deceive themselves. 

Under these circumstances, it is really refireshing to find a person of your 
experience willing and able to blend practice with science and theory ; and 1 
have no hesitation in saying, that the views promulgated in your Essay are 
substantially founded upon just and scientific principles. 

When the unbumed hydrocarbons, which are produced during what is 
commonly called the combustion, but which, in reality, is principally the de* 
ttmcHve dittiHatum of coal, in our ordinary steam-boiler furnaces, gradually 
mix with air, they assume die form of what is called uninflammable smoke ; 
but, if they be examined immediately after they leave the fhel and before 
they have blended with excess of cold air in the chimney shaft, they are found 
to be highly inflammable and rich in carbon. At this point it is that you 
judiciously admit the jets of air ; and in so doing, every jet that enters the 
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inflammable atmosphere within the flues becomes, as it were, the centre of 
combustion, and tends to increase the heat, by burning and destroying that 
hydrocarbon, which otherwise would go on to produce worse than useless 
smoke. 

I have now given you my candid opinion respecting your views of the phe- 
nomena of combustion and their application to the object proposed in your 
Essay : there are some of the minor points of which I cannot speak without 
further consideration ; but these do not, in any way, afi*ect the main object of 
the inquiry in its practical bearings. 

I am always, my dear Sir, sincerely yours, 

WILLIAM THOMAS BRANDE. 
To Charles W. Williams, Esq., 

Dublin Steam Packet Company, Liverpool. 



REMARKS BY ANDREW URE, M.D., F.R.S. 

Having now carefully perused your treatise ^' On the Combustion of Coals 
and the Prevention of Smoke, Chemically and Practically considered," I 
cannot help congratulating you on the manner in which you have studied the 
phenomena of a furnace *— phenomena which, like those of the freezing and 
boiling of water, had been for ages exhibited to the eyes of the philosopher 
and the engineer, without receiving from the one a scientific analysis, or lead- 
ing the other to any radical improvement. You have fully demonstrated the 
defectiveness and feUacy of the ideas generally entertained concerning the 
operation of fuel in furnaces, and the errors, consequentiy, committed in their 
construction. 

You will remember, that when, about ten months ago, you laid before me 
the first draught of the specification of your patent furnace, with what delight 
I hailed your invention as the harbinger of a brighter day for steam naviga- 
tion, where economy of fhel has become the sme qud nan in regard to long 
voyages. I rejoice that, with the ample means placed at 3'our command, you 
have since prosecuted the subject, through all its ambiguities, to a clear and 
conclusive demonstration of the efficacy of your plan for calling forth from pit- 
coal all its dormant fire, and di£^sing it most efficaciously over the surfaces of 
boilers and along the flues. I am more particularly pleased with your analysis 
of the combustion of the gases and vapours given out by hydrogenous coal, 
commonly, though incorrectiy, called bituminous, for it contains no ready 
formed bitumen, but merely its elements, carbon, hydrogen, and oxygen. 

Every coal which contains much hydrogen, and therefore, loses much 
weight by ignition in retorts, necessarily produces much smoke, with a great 
waste of heat in our common steam boiler furnaces, for reasons which you 
have so well developed in your treatise. ** When a carburetted hydrogen,'* 
says Leibig, " is kindled, and just as much oxygen admitted to it as wiU con- 
sume its hydrogen, the carbon does not bum at all, but is deposited (or sepa- 
rated) in the form of soot ; if the quantity of oxygen is not sufficient to bum 
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even all the^ hydrogen, carburets of hydrogen are produced poorer in 
hydrogen than the original carburetted hydrogen." 

A coal which, like the Newcastle caking coal, contains 6*289 of hydrogen, 
is capable of giving out in complete combustion as much heat as if it contained 
an extra 10 J per cent of carbon ; but, instead <^ this additional heat, it af- 
fords in common ftimaces much leas heat than the Llangennock, though this is 
much poorer in the most calorific constituent, viz«, the hydrogen. 

In the case of great steam-boiler furnaces, for which your patent is esr 
pecially intended, since these are fed at short intervals, your plan of distributing 
atmospheric air, in a regulated quantity, by numerous jets, through the body 
of the gasiform matter, is peculiarly happy, and must enable you to extract 
the whole heat that the combustible is capable of affording. The method also 
which you have contrived for distributing the air under the sur&ce of the 
grate will ensure due combustion of the coked coals lying there, without ad- 
mitting a refrigerating blast to the fire. And, finally, your mode of supplying 
atmospherical oxygen will prevent the possibility of the carbon of the coals 
escaping in the state of carbonic oxide gas, whereby, at present, much heat is 
lost in our great furnaces. 

ANDREW URE. 

18, Charlotte-street, Bedford-square, Lond<»i, 
December 26, 1840. 



REMARKS BY DR. BRETT. 

Laboratory, Royal Institution, Liverpool, Jan. 6, 1841. 

I now take the opportunity of expressing more ftJly my opinion of your 
views concerning the combustion of coal and prevention of smoke, and it gives 
me the greater satis^Eu^tion so to do, in consequence of having enjoyed, on 
more than one occasion, an opportunity of examining, in your experimental 
furnace, when in operation, the different stages of coal combustion. Your 
furnace being so constructed that it allows of a close inspection of the changes 
which take place within the flue, behind the bridge, no person, however im- 
perfectly acquainted with those scientific principles upon which combustion 
ought to be eflfected, can avoid recognizing the great difference (a difference 
sufficiently palpable to the sight) which exists between combustion, as con- 
ducted in fiimaces upon the old plan, and that which takes place in yours, 
when the inflammable matters receive good air properfy supplied. 

Every one who observes the volumes of black smoke escaping £rom the 
chimneys of manu&ctories must be struck with the positive loss of fuel thus 
sustained ; yet, not only is the black smoke lost for calorific effect, but a 
farther loss may be traced to the passing off of what may be called a smoke, 
though not visible — I mean imbumt carburetted hydrogen and carbonic 
oxide. You have been fully alive to the truth of this ] and, by a felicitous 
contrivance, have shewn, that, by mingling atmospheric air wilii the inflam- 

16 
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mable gas, before they can escape unburnt, black smoke may be got rid 
of, or, in other words, that loss of tael and consequent loss of heat may be 
avoided. 

On one occasion whilst watching the process of combustion, during its dif- 
ferent stages, in your experimental flimace, at that period when the hydro* 
carbons had just undergone combustion, and the carbonaceous matter, or coke, 
was remaining on the fire-bars, highly ignited, I observed, when looking into 
the flue, the phenomenon of a peach-coloured flame mingled with one of a 
striking blue colour. The former I believe to be produced by the burning of 
cyanogen : the latter was undoubtedly due to carbonic oxide. To the inter- 
esting fact of the combustion of the latter gas, after that of the hydro-carbons, 
you will remember to have directed my attention on a former occasion. I 
need hardly say, that without a proper supply of atmospheric air, these gases 
would have escaped by the chimney, and so have been lost for calorific 
purposes. 

By causing atmospheric air to be driven by jets among the inflammable 
gases, you employ, as it appears to me, the only means practicable, in 
operations on a large scale, of causing a sufficient mechanical admixture be- 
tween the air and the gases to be burnt. By such means, too, you consider- 
ably extend the surfiice of any given bulk of atmospheric air admitted, in the 
same way as the surface of any given volume of water is greatiy increased by 
causing it to pass, in thin streams, through a vessel containing numerous 
apertures. 

On the whole, then, I would observe, that your treatise is correct as to its 
theoretical and scientific principles ; and by your illustrations on the large 
scale of tiie fiimace, you have demonstrated how science and practice may be 
made to harmonize, and have shewn tiie importance of attending, stricUy, to 
the chemical conditions on which combustion takes place, without whidi all 
must be error and uncertainty. 

R. H. BRETT, Ph.D., F.L.S. 

To C. W. Williams, Esq. 



REMARKS BY DR. ROBERT KANE. 

Royal Dublin Society, January 16th, 1841. 

Dear Sir, — I received the copy of your work and the other papers 
illustrative of your views of the nature of combustion and of the construction 
of furnaces, and I consider your suggestions as being of peculiar value, in- 
asmuch as they indicate to the engineer and mechanist the principles on which 
alone the perfect combustion of fuel can be secured. They serve also as an 
additional proof, were such wanted, that complete success in art — the great- 
est economy in materials — and the most perfect utilization of its products, can 
only occur when the scientijic conditions of the process are clearly understood 
and made ihefoundiUUnu of practice. 
' In your furnace alone, of all the plans I have had an opportunity 
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of examining, the conditions for the complete combustion of aM the con- 
stituents of the fuel, are secured in the proper circumstances of quantity, time, 
and place. 

The introduction of air at the bridge and along the flame-bed, to supply the 
quantity of oxygen necessary for the combustion of the volatile products of the 
coal ; — the diflFiision of this air, secured by its issuing from a great number 
of small jets, and the consequent ftiU combustion of the gaseous fuel before it 
leaves the surface of contact with the boiler, are elements of real economy and 
success in practice* The value of this, although, perhaps, obscurely felt by 
others, from the imperfection of the older methods, has been, certainly, first 
placed in its important and just aspect by your illustrations. 

The formation of carbonic oxide in furnaces, to which I find, in your work, 
for the first time, the attention of practical men directed, has, hi^erto, been 
a source of loss of fuel to a very considerable extent. When carbonic acid 
streams over a surface of ignited charcoal, or coke, it cannot be considered to 
evolve heat in taking up an additional equivalent of carbon. This is verified 
by the fact, that the carbonic oxide thus formed gives out, in burning, only 
the same quantity of heat which the second equivalent of carbon should have 
given out if it had formed carbonic acid directly. 

This heat you encourage, and hence, even at those periods when carbonic 
oxide is produced, you lose no fuel, whereas, in all the ordinary plans of 
avoiding visible smoke, the fuel is evolved in carbonic oxide, and is either 
silently escaping as invisible gas, or bums at the orifice of the chimney, 
wasting there the carbon which should have been economized below. 

I like the plan of your diagrams very much. In popular use, and 
especially, for the instruction of those who have not made abstract calculations 
their study, they are exceedingly valuable : so much so, that our illustrious 
and venerable friend. Dr. Dalton, the Nestor of the physical sciences, as he 
has been termed by Dumas, proposed a plan not unlike yours, but which,, 
from the very fact of its being more adapted to class illustrations than to the 
calculations by symbols, (now so necessary in scientific chemistry,) was kept 
very much out of view, lately, by the employment of the Berzelian notation. 
When one writes, as you do, not merely for tiiose who know a good deal, but 
for those who are not used to the kinds of ideas you wish to communicate, 
every adjunct which tends to awaken the senses to the subject is of the 
highest importance. 

In conclusion, I beg to express my conviction, that, by giving to the scien- 
tific world the true philosophy of combustion upon the large scale of the 
furnace, and indicating to the mechanist the conditions upon which the 
proper construction of furnaces must rest, you have illustrated, remarkably, 
the value of science applied to the useful arts, and have effected considerable 
service to the public. 

Believe me, my dear Sir, 

Sincerely yours, 

ROBERT KANE. 

To C. W. Williams, Esq. 
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ThefoUousing Letters are important, as they refer to the Furnace mentioned 
in the Letter qf the Eabl of Ellbshsre. (See Note, Chapter Y.) 

82, Moorgate Street, Lond(m» 
26th July, 1854. 
C, W. Willianw, Esq. 

Dbah Sib,— Conndering it might be interestiiig to you and the 
public, to be asBured of long continued success in the apf^cation of your 
Principle of Smoke Prevention, I have recently communicated with Messrs* 
Lockett, of Manchester, at whose works I commenced operations, and I have 
much pleasure in forwarding 3'ou their reglj. I could have supplied numerous 
similar letters^ of early date, from eminent engineers, manu&cturers, and 
others, were further confirmation at all requisite. I have superintended the 
erection of above 52000 Argand Furnaces, of all descriptioDS, and continue 
erecting them, for every class of W(n*k. 

I am, your obedient servant, 

HENHY DIRCKS. 



Strangeways, Manchester, 
25th July, 1864. 
Messrs. Dircks k, Co., 

32, Moorgate Street, London. 

GsNTLBMBN, — In rejdy to your inquiry respecting the Patent 
Argand Furnace of Mr. Charles Wye Williams, erected by you at our Works 
in IBitO, we have great pleasure in assuring you, that in regard to Smoke 
Preventbn, it is most satis&ctory, and we can speak confidently, that there 
is a considerable saving in fuel. We have had the patent plan applied to 
three difierent boilers since we first adopted it, and in each case with Ihe same 
satisfactory result. There cannot be the smallest doubt, that the principle of 
Mr. Williams's plan, is that on which the j^evention of smoke can alone be 
effected, whatever may be the mode of applying it. 
We remain, Grentlemen, 

Yours very respectfully, 

(Signed) JOSEPH & JAS. LOCKETT & CO. 
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cylinder. 

To find the length of any cylindrical helix. 

To find the convex sarflftoe and solidity of a cone. 

To find the solidity or capacity of any flnutnin 
of a cone or pyxamid. 

To find the solid contents of a wedge. 

To find the convex surflMse and solidity of a 
sphere or globe. 

To find the oouTex snrihoe and soUdity of the 
segment of a globe. 

To find the convex snrflMe and solidity of a 
cylindrical ring. 

To determine the proper length of iron for a 
ring of given diameter. 

To determine the length of angle iron to form a 
ring of given diameter. 

To measure the capacity of a locomotive tender 
tank. 

Table of Spedflc Gravities and Properties of 
Metals. 

Table of Specific Gravities and Properties of 
Timber. 

Table of Spedflc Gravities of Liquids, Gases, &», 

Weights of various measures of water. 

Table of the Weight of Square and Round Bar 
Iron. 

Table of the Weight of Flat Bar Iron. 

Table of the Circumferences of Circles, tram 1 
inch to 20 foet iths of an inch ; advancing by 
an eight. 

Table shewing the Wei^t of a lineal foot of 
Malleable Rectangular or Flat Iron, txom ith 
of an inch to 3 inches thick ; advancing by an 
eighth, and quarter of an inch, in breadth. 

Table shewing the Weight of a lineal foot of 
Round Bar Iron, in avdrdupois qra. lbs. oz., 
from |th of an inch to 12 inches in diameter ; 
advancing by an eighth of an inch. 

Table shewing the Weight of a lineal foot of 
Square Bar Iron, in avcdrdup<^ qrs. lbs. oz., 
fhnn |th of an inch to 12 inches ; advancing 
by an eight. 

Table containing the Ciroumfleronces for Angled 
Iron Hoops, from 6 inches to 6 foet in dia- 
meter ; advancing by an eighth of an inch. — 
Angle outside. 

Table contaiDing the Ciroumferences for Angled 
Iron Hoops, from 6 inches to 6 foet in dia- 
meter ; advancing by an eighth of an inch. — 
Angle inside. 

Proportional breadths for six-sided nuts. 

Table of the Weights of Sheet Iron, Copper, 
and Brass. 

Comparative weights of difforont bodies. 

Table of the Weights of Cast-Iron Pipes. 

Weights of leaden pipes. 

To find the weights of pipes of various metaU. 

Weight of a cubic inch of various metals. 

Table of the Weights of Cast-iron Balls. 

Table to flicilitate the Measure of Timber. 

Table of Cubic or Solid Measure. 

To measuro battens, deals, and planks. 

Table of Scantling Timber. 

INSTRUMENTAL ARITHMETIC. 

Explanation of the slide rule.— Kumerati<m.-— 
To multiply by the slide rule.— Proportion. — 
Rule of Three Inverse.— Squaro and cube 
roots. ^Measure of Squares, rectangles, Ac. — 
Measure of circles and polygons. 

Tables of Gauge- Points for the Slide Rule. 

Mensuration of solidity and capacity.— To com- 
pute the power of steam engines.— Of steam 
engine boilers. 



COMMERCIAL TABLES. 

Tables by which to ftciUtate the Caloulatiaa of 
British Money.— Table of Equivalent Prices. 

STRENGTH OF MATERLU.S. 

Definitions. 

Table of Tenadtlee, Resistance to Compretsioa, 

Ao. of Various Bodies. 
Table of ComparatiTe Streogth of Ropes and 

Chains. 
Table of MetalUo Alloys. 
Resistance ot bodies to lateral preesure. 
Table of Praedcal Data. 
To find the dimemrions of a beam of timber to 

sustain a given weight. — ^To determine the 

absolute strongth of a rectangular beam ot 

timber. 
To determine the dimensions of a beam with a 

given degree of deflection. 
Cast-iron beams of strongest section. 
Of wooden beams, trussed. 
Absolute strength of cast-iron beams. 
Table of Dimendons for Cast-iron Bei 
To find the weight of a cast-iron beam. 
Renstance to flexuro by vertical pressure. 
To determine the dimensions for a colunm of 

timber. ' 
Table 1^ which to determine the Dimension^ of 

Cast-iron Columns. 
Resistance of bodies to twisting. 
Relative strenglii of metals to resist tonloii. 
Ou the Smelting of Metallic Ores. 
Table of Squares, Cubes, ^. of Nombeif. 

MECHANIC POWERS. 

Rules. First kind of lever. Second ditto. 
Third ditto. Lever on a safoty-valve, Ac. — 
Wheel and pinicm, or crane. — ^Rules, Ac.— 
The pulley, with applications. — Inclined 
plane. 

Table of Inclinations and Amount of Opposing 
Resistance. 

Table of Inclined Planes. 

The wedge.— The screw.— The endless screw, 
or screw applied to a wheel. 

CONTINUOUS CIRCULAR MOTION. 

Definitions, Ac. — Proportional diameters of 
wheels to the number of rovolutions. — Of a 
train of wheels and pinions.— Diameters or 
number of teeth in wheels in proportion to 
their velocities. — To determine the proper 
diameters of wheels to given peculiarities.- 
To find the proportional wheels tat Kxew 
cutting by a lathe. 

Table of Change Wheels fior Serow Cutting. 

Diameters of small wheels. 

Table of the Strength of Wheels of Cast-iron. 

Table of the Diameters of Wheels to contain a 
given number of Teeth. 

FRICTION. 

PROPERTIES OF WATER AND AIR. 

Effect* produced by water in it* natuiral ttate. 

The pressure of fluids.- The hydraulic press. — 
The weights of bodies obtained by displace- 
ment of fluids.— The resistance of water to 
bodies passing through it.— Of water flowing 
through orifices.— Discharging of water by 
rectangular apertures. — Flowing of water 
through pipes. 

Table, of the Diameters of Pipes for the Dis- 
charging of Water. 

Laws of the gravity of water.— Rules rolating to 
water-wheels. —Turbines, their eifocts, Ac. 
Rule to calculate the powers of turbines.— 
Overshot water-wheeU, notice of. 
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Bgtett ftrodmeed bp tUatm, 

Table of the Eburtio Force of Steam.— Of the 
latent heat in iteam. — Steam m a motive 
power. — ^Temperatore of steam. — Expandve 
force of steam. — Table of Hyperbolic Loga- 
rithms. — Condensation of steam. — B<Ali]ig 
points of impure water. 

Bgectt pro4ue§d by air. 

Table of the expansion of Air by Heat.— Table 
relating to Pumps. — Oxygen of the atmos- 
phere.— ResLstanoe of the atmoq>here. — ^Table 
of Atmospheric Fovoe.— Eflsct of wind-mills. 

STEAM ENGINE BOILERS. 

To determine the amomitof heating sur&ce in 
a boiler. — Of waggon-shaped boilers. — Of 



OTlindrical boilers.— Marine boilers.— Looomo- 

tive boilers.— Heatinx powers of oombnstiblei. 
Obeerrations on the ginng an order fi>r a steam 

eni^e. 
Table of Dimensions tot Steam Engine Cylin- 

ders. 
Units of nominal power. — ^To estimate the power 

of an engine.— To detennine the Telocity fljr 

the piston of a steam engine. 
Table of Approximate Velocities fi>r Pistons. 
Table for ParaUel Motions. 

LOGARITHMS. 

Table of Logarithms. 

Table of Circnmlbrenoes and Areas of Girelet. 
Table of Square and Cube Roots of Numbers. 
Table of Per-Gentage and Discount. 



LIST OF PLATES. 



A. Delineation of Screws. 

B. Illustration to the Drawing of Berel Wheels. 

C. Orth<^^phic Projection. 

1>. Applications of Mechanic Powers. 

E. and F. Parallel Motions. 

G. ElcTation and Section of an Overshot 



Water-Wheel, constructed by Messrs. 

Donkin and Co. 
H. DetaUs. 
K. Boilers of the « Bragansa' steam vessel, 1^ 

Messrs. Bury, Curtis, and Kennedy. 
L. Locomotive Boiler. 
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In One large thick Volume Octavo, with numerous Engravings, price £1 8«. 

A GENERAL TEXT BOOK, for the constant Use and Reference 
of Architects, Engineers, Surveyors, Solicitors, Auctioneers, Land Agents, and 
Stewards, in all their several and varied profesnonal occupations ; and for the 
assistance and guidance of Country Gentlemen and others engaged in the 
Transfer, Management, or Improvement of Landed Property: containing 
Theorems, Formulie, Rules, and Tahles in Geometry, Mensuration, and Trig- 
onometry ; Laod Measuring, Surveying, and Levelling ; Railway and Hydraulic 
Engineering; Timber Measuring; the Valuation of Artificer's Work, Estates, 
Leaseholds, Lifeholds, Annuities, Tillages, Farming Stock, and Tenant Right; 
the Assessment of Parishes, Railways, Gas and Water Works; the Law of 
Dilapidations and Nuisances, Appraisements and Auctions, Landlord and Tenant, 
Agreements and Leases. Together with Examples of Villas and Country 
Houses. By Edwabd Rtdb, Civil Engineer and Land Surveyor, Author of 
several Eh-ofessional Works. 

To which are added several Chapters on ^Agriculture and Landed Property, By 
PsoFEssoB Donaldson, Author of several Works on Agriculture. 



OONTRNTB. 



Chapter I.— Abithmitic. 1 Notation~3 Proof 
of the First Four Rnlea— 3 Vnlgar Fraotiona 
■-4 DedmalB-^ Duodecimals— 6 Powers 
and Roots— 7 Properties of Numhers— 8 Lo- 
garithms and Mathematical Tables. 

Chap. II.— Plaoi avd Solid GsomrBr. 1 
Definitions— 2 Of Angles and Right Lines, 
and their Reotanglee— 3 Of Triangles-^ Of 
Quadrilaterals and Polygons— 6 Of the Cir. 
cle, and Inscribed and Circumscribing Figures 
—6 Of Planes and Solids— 7 Practical Ge- 
ometry. 

Chap. III.— MKKSUBATioir. 1 Comparison of 
English and French Weights and Measures 
— 2 Mensuration of Superflides — 3 Mensuration 
of Solids. 

Chap. IV.— TuooKomTaT. 1 Definitions and 
Trigonometrical Fonnula)— 2 General Propo- 
sitions— 3 Solution of the Cases of Plane Tri- 
angles. 

Chap. y.-'Covio Sbotiors. 

Chap. VI.— 'Lavd Mkasduiig. Including, Ta. 
ble of Decimals of an A ro— Table of Land 
Measure, by dimensiaas taken in yards. 



Chap. VII.— Laud SmivBTnro. 1 Parish and 
Estate SurreTing— 2 Trigonometrical Surrey- 
ing— 3 Trayerse SurroT^— 4 Held Instm. 
ments, the Prismatic Compass ; the Box Sex- 
tant; the Theodolite. 

Chap. VIII.— LBvuxnro. LereUiag Instm. 
ments. The Spirit Leyel; the x Level; 
Troughton's Level; Mr. Gravatt's Level; 
LeveUing Staves— Examples in Levelling. 

Chap. IX.— PLorraro. Embracing, the Cir. 
cular Protractor— The T Square and Semi- 
circular Protractor— Plotting Sections. 

Chap. X.— CoMrvTATioir ov Aebas. The Pe. 
diometer— The Computing Scale — Computing 
Tables. 

Chap. XI. — Gopmro Maps. Including a de. 
sGriptian of the pentagraph. 

Chap. XII.— Railwat SravKmro. 1 Explo- 
ration and Trial Levels; Standing Orders — 
2 Proceedings subsequent to the Passing of the 
Act; Tables for Setting out Curves} Tables 
Ibr Setting out Slopes; Tables of Relative 
Gradients ; Spedflcation of Works to be exe- 
cuted in the oonstruction of a Railway ; Form 
of Tender. 
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'Chap. XIII.— CoLORUL Spbvbtivo. 

Chap. XIV.— Htdeaiilicii m conhbotioh wrh 
Dbainaob, Sbwbbaob, AMD Watbb Supply 
—with STBOpab of Rjde't HTtdmulic TbUm— 
Spedflcations, Iran Pipes and Casting! ; StoiM 
Ware Drain Pipes ; Pipe Lajiag, Reservoir. 

Chap. XV. — Timbbb Mbasubiho. InolnUng 
Thnber Tables. Solid Measure, Unequal Sided 
Tknber ; Saperftdal Measure. 

Chap. XVI.— Abtipicbbs* Wobk. 1 Briok- 
lasers* and EzoaTaUns'— >2 Slaters* — 3 Car- 
penters' and Joiners' — 4 BawTers'— 6 SUme- 
masons' — 6 Plasterws' — 7 Ironmongers' — 8 
Painters'— Gladers'— 10 Paper Hangers'. 

Chap. XVII.— YALUATioir op Estatbs. With 
Tables ibr the Purchasing of Freeliold, Copy- 
hold, or Leasehold Estates, Annuities, and 
AdTowsous, and tot Renewing Leases for 
Terms of Years certain, and for Lires. 

Chap. XYIIL— YALUATioir or Tillaob axd 
TBirAST Right. With Tables for Measuring 
and Valuing Hi^ Ricks. 

Chap. XIX.— VALUAnov or Pabuexs. 

Chap. XX.— BviLDBBS' Pbicbb. i Carpenters* 
and Jcrfners'— S Masons'-^ Briddajers'— 4 
Plasterers'— 5 Ironmonsers' — 6 Drainers*— t 
Plumbers'— 8 Painters^— 9 Paper Hangers* 
and Decorators'— 10 Glaciers'— 11 Zinc Worlc- 
ers'— 12 Coppersmiths'— 13 Wireworkers*. 

Chap. XXI.— DiLAPIDATIOlfS AHD NUISAWCBS. 

1 General DeflnitionB— S Dilapidations by 
Tenants for Lifo and Years— 3 Ditto by Mort- 
gagee or Mortgagor— 4 Ditto of Party Walls 
and Fences— 6 Ditto of Highways and Bridges 
6 Nuisances. 

Chap. XXII.— Thx Law bblatino to Ap^ 
PBAIBBB8 Aim AuOTioBBBBS. 1 The Law 
relating to Appraisements— S Tlie Law of 
Auction. 

Chap. XXIII. — Lamdlobo aito Tbnaht. 
1 Agreements and Loaaos 2 Notice to Quit— 
3 Distress— 4 Recorery of Possession. 

Chap. XXIY .—Tablbs. Of Natural Sines and 
Cosines— For Reducing Links into Feet— De- 
cimals of a Pound Sterling. 



Chap. XXV.— Stamp Laws. Stamp Duties— 
Customs' Duties. 

EzAXPLXB op Villas ahd Couittbt Housbb. 

ON LANDED PROPERTY, 

Bt Pbopbssob Doralosobt. 

Chap. I.— Landlord and Tenant— Their Po> 
sition and Connections. 

Chap. II.— Lease of Land, ConditkuiB, and Re. 
strictions; Choice of Tenant, and A ssig n ati o n 
(rf the Deed. 

Chap, in.— CulUnitioaof Land, and RotatioiL 
of Crops. 

Chap. IV.— BulldingB necessary en Cultivated 
Lands, — Dwelling Houses, Farmeries, and 
Cotta^ ftur Labourers. 

Chap, v.— Laying out Farms, Roads, Fences, 
and Gates. 

Chap. VL—Plantotions— Young and Old Tim- 
ber. 

Chap. VII.— Meadows and Embankments, Beds 
of Rivers, Water Courses, and Flooded 
Grounds. 

Chap. VIII.— Land Draining, Open and Co- 
vered—Plan, Execution, and Arrangement 
between Landlord and Tenant. 

Chap. IX.— Minerals— Working and Value. 

Chap. X. — ^Expenses of an Estate— Regulations 
ot Disbursements— and Relation of the ap- 
proprlate Expenditures. 

Chap. XL— Valuation of Landed Property; of 
the Soil, of Houses, of Woods, of Minerala, of 
Manorial Rights, of Royalties, and of Fee 
Farm Rents. 

Chap. Xn.— Land Steward and Farm BaiUff ; 
Qualifications and Duties. 

Chap. XIII.— Manor Bailifl; Woodreeve, Gar- 
dener, and Gamekeeper— Their Pod^tion and 
Duties. 

Chap. XIV.— Fixed Days of Audit— Half- 
Yearly Payments of Rents— Form of Notices, 
Receipts, and of Cash Books, General Map of 
Estates, and of each separate Farm— Condud- 
ing Observations. 
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In 24mb., doth boards, price 28, Bd. 

THE APPRAISER, AUCTIONEER, HOUSE AGENT, 

AND HOUSE BROKER'S POCKET ASSISTANT, for the ValuaUon, 
Purchase, and the Renewing of Leases, Annuities, Reversions, and of Propeity 
generally ; Prices for Inventories, with a Guide to determine the Value of the 
Interiors, Fittings, Furniture, &c. By John Whkeleb, Valuer. 

19 

In Octavo, extra cloth boards, with plates, price 9«. 

ON THE ATMOSPHERIC CHANGES WHICH PRO- 
DUCE RAIN ANb WIND, AND THE FLUCTUATIONS OF THE 
BAROMETER. Second edition, with additional Essays and Diagrams. By 
Thomas Hopkins, M.B.M.S. 

20 
In 8vo., with a large Map of the Wine District of the Alto-Douro, extra cloth, 

boards, price 6s. 
THE PRIZE ESSAY ON PORTUGAL, being the Essay for 
which ** The Oliviera Prize and Medal'' were delivered. 800 pages. By Joseph 
Jambs Fobbbstbb. 

21 
In 8vo., with Twenty-seven Folding Plates, cloth boards, price 12*. M. 
A TREATISE ON THE CURVILINEAR PERSPECTIVE 
OF NATURE, AND ITS APPLICABILITY TO ART. By William 

GaWIN HfSDMAN. 
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GREAT EXHIBITION BUILDING. The Building erected 

in Hyde Park for the Great Exhibition of the Works of Industry of all Nations, 
1851 ; illustrated by 28 large folding Plates, embracing PlauH, Elevations, Sec- 
tious, and Details, laid down to a large scale from the Working and measured 
Drawings. By Ghables Downbs, Ajchitect; with a description by Chabl£8 
CowPBft, C. E. 

In royal 4to, cloth boards, lettered, price £1. 11«. 6rf. 

%* Tbis work has eveiy measured detail so thoroughly made out as to enahle the Engineer or 
Architect to erect a constructioa of a similar nature, dther more or less extensive. 

ThefdUowing is a List of the Subjects and Plates : 

CONTENTS. 



Origin Of the Great Exhibition building. 

General desoription of the building. 

Columns. 

Girders and trusses. 

Wooden trusses. 

Cast-iron girders. 

Wrought-iron trusses. 
Glass roof. 

Main gutters and ndn-water connections. 
Galleries. 
Staircases. 
GaUery railing. 



Transept. 

Lead flats. 

Outer walls, or sides of building. 

Ends of Transept. 

Lourres. 

Setting out the building and fixing the columns. 

Proving girders and trusses. 

Hoisting girders and trusses. 

Hcnsting transept ribs. 

Manufacture of the sash-bars. 

Miscellaneous details. 

Paxton's latest improvements in rooft. 



LIST OF PLATES. 



Plan of ground floor. 

Plan of galleries. 

Plan above galleries. 

South elevation. 

East elevation. 

Transverse section. 

Longitudinal section. 

Details of columns. 

Details of vertical diagonaftl bracing. 

Wood trusses and cast-iron girders. 

Wrought-iron trusses under roof. 

Glass roof and Paxton gutters. 

Main gutters. 

Detiuls of galleiy, and ornamental 

columns. 
Plans and section of staircases. 



Details of stairoases. 

Ditto, and gaUery railing. 

Details of transept roof. 

Details of lead flats. 

Wrought4ron trusses under transept roof and 

lead flat. 
Outer walls, or sides of building. 
Details of ditto. 
Details of panels and Joint-plates at ends of 

building. 
External elevation of semicircular head of 

transept end. 
Internal elevation of ditto. 
Details of ditto, and pedestals at south entrance. 
Details of machinery for moving louvres. 
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ACCOUNT OF THE CONSTRUCTION OF THE IRON 

ROOF OF THE NEW HOUSES OF PARLIAMENT, with elaborate 
engravings of details. In 4to, with eight large Engravings and Text, 6«. sewed 
in a wrapper. 

24 

CLARK'S (EDWIN) BRITANNIA AND CONWAY TUBU- 

LAR BRIDGES ; with general inquiries on beams, and on the properties of 
materials used in construction. Published with the sanction and under the 
supervision of R. Stephenson, Esq. in 2 vols, royal 8vo., compiising Text and 
folio volume of Plates, some of which are coloured ; price £4. 14». 6rf., or on 
Jarge paper £6. 6s, 

25 

FAIRBAIRN'S (WILLIAM, C. E.) CONWAY AND MENAI 
TUBULAR BRIDGES, with the experimental explanations. In 1 vol. royal 
8vo., with several illustrative Plates, price £2. 2s. 

*«* Some few co^es of the plates prated in folio, the text in 8vo., both very neat in half-morocco. 
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TREDGOLD ON THE STEAM ENGINE, 

Pablished in 74 Parts, price 2«. M. each, in 4to., illustrated by yery numeroas 
eng^vings and wood-cuts, a new and much extended edition, now complete in 
8 vols, bound in 4, in elegant half-morocco, price Nine Guineas and a Ualf. 

THE STEAM ENGINE, IN ITS PROGRESSIVE AND 

PRESENT STATE OF IMPROVEMENT, practically and amply elucidating, 
in every detail, its modifications and applications, its duties and consumption of 
fuel, with an investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and American recently 
constructed engines, with details, drawn to a lai^ge scale. 

The well-known and highly appreciated Treatise, Mr. Tbedoold's national Work 
on the Stbam Engine, founded on scientific principles, and compiled from the 
practice of the best makers— shewing also easy rules for construction, and for the 
calculation of its power in all cases — ^has commanded a most extensive sale in the 
several E2nglish eoitions, and in Translations on the Continent. These editions 
being now out of print, the proprietor has been induced to enlarge and extend the 
present edition by practical examples of all kinds, with the most recent improve- 
ments in the construction and practical operations of the steam engine "Mb. at 
home and abroad. 

The work is divided in the sections named below, either of which may be jwir- 
cfuued aqxxrately : working engineers will be thus enabled to select those portions 
which more especially apply to the objects upon which they may be respectively 
employed. 

Several scientific men, extensively and practically employed, have contributed 
original and really practical papers of the utmost utility ; by which the value of 
this extended edition is much mcreased. A copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making 
Vol. I. In half-morocco binding, price £2 12». 6d, 

Division 6. Marine Engines, Britush and American, numerous plates and wood- 
cuts, making Vol. II. ; bound in 2 vols, half-morocco, price £3 18«. 6d, 

Division C to G, making Vol. III., and completing the work, comprising Sta- 
tionary Engines, Pumping Engines, Engines for Mills, and several examples of 
Boilers employed in the British Steam Navy. In half-morocco, price £3 ld«. 6d. 

list of plates, division a. looomotivb engines. 



Elevation of the 8-wheeled looomotive engine 
and tender, the Iron Dukk, on the Great 
Western Railway. 

Longitudinal seetion of ditto. 

Plan, ditto. 

TranBverge seclionB, ditto. 

Details of ditto: tranffrerse section tibrongh 
worlung gear, transverse section and end view 
of tender; plan and section of fbed-pump; 
plan and elevation of hand-pump ; details of 
hiside framing, centre axle, driving axle-box, 
regulation ndve, centre-beam staj, &o. 

Elevation of Crampton's patent locomotive 
engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse section of ditto. 

Elevation of the Ftraomon six-wheeled goods' 
engine on the Great Western Railwaj. 

Half-plan of the working gear of ditto. 

Diagnuns, bj J. Sewell, L.E., of resistances 
per ton of the train ; and portion of engines 
of the class of the Great Britain locomotive, 
including tender, with various loads and at 
various velocities ; also of the additional resis- 
tance in lbs. per ton of the train, when the 
engine is loaded, to be added to the resistance 
per ton of the engine and tender when un- 
loaded. 

Side and front elevation of an express carriage 
engine, introduced on the Eastern Counties 
Railwaj bj James Samuel, C.E., Resident 
Engineer. 



Longitudinal and cross section of ditto. 

Plan of ditto; with plan and section of cjlin. 
ders, details and sections, piston fbll suee. 

Elevation of the outdde^jlinder tank engine 
made bj Messrs. Sharpe Brothers A Co., of 
Manchester, for the Manchester and Birming- 
ham Railwaj. 

Section of cylinder and other parts, and part 
elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

TransT* rae sections of both ends, with sectional 
parts. 

Mr. Edward Wood's experiments on the several 
sections of old and modem valves of locomo- 
tive eiigines,--viz. fig. 1, stroke oommenees ; 
fig. 2, steam-port open; fig. 3, steam-port 
oi>en; fig. 4, steam-port open; fig. 5, stroke 
completed, steam cut off, exhaustion com- 
mences; fig. 6, stroke commences; fig. 7, 
steam-port ftill open ; fig. 8, steam cut off; 
fig. 9, exhaustion commences ; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : fig. 1, 
old valve, ,*g-inch lap ; fig. 2, f -inch lap ; fig. 
3, 1-inch lap; fig. 4, {-inch lap, Gray's 
patent ; fig. 5, 1-inch lap. 

Elevation of a six-wheeled locomotive «igine 
and tender. No. 15, constructed bj Messrs. 
TayleuT, Vulcan Foundry, Warrington, for 
the Caledonian Kailwajr. 

Longitudinal section of cutto. 
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Plan of ditto, engine and tender, with ojlin- 
drical part of bdler remoTed. 

Elevations of fire-box, section of flre-box, sec- 
tion of smoke-box of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working geu-, ditto. 

Elevation of Messrs. Robert Stephenson and 
Go.*s six-wheeled patent locomotive engine 
and tender. 

Longitudinal section of ditto. 

Plan |nd details of Stephenson's patent engine. 

Section of tire box, section of smoke-box, 
front and back elevations of the same. 

Plan of a six-wheeled engine on the Blrming* 
luun and Shrewsbarj Bailwaj, constructed by 



Messrs, Bury, Curtis, A Kennedy, Liverpool. 

Lonffitadinal section of ditto. 

Sectional elevation of the smoke-box of ditto. 

Sectional elevation of the fire-box of ditto. 

Elevation of the locomotive engine and tender, 
Plbws, adapted for high speeeds, conxtmcted 
by Messrs. R. A W. Hawthoni, of Newcastle- 
upon-Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This section is 
through the flre-box, boiler, and smoke-box, 
shewing the tubes, safety-valve, whistles, 
steam and blast piiMS, Ac 

Plan of dittor 

Plan of the working gear, details, Sbo, a». 



Forty-one plaU8 and fifty -five wood engravings, 

DIVISION B.— MARINE ENGINES, ETC. 



Two plates, comprising figures 1, 2, and 8, 
Propertii*s of Steam. 

Plan of H.M. screw steam frigate DivinxBSS, 
constructed by Robert Napier, Esq. 

Longitudinal elevation and transverse section 
of ditto. 

Longitudinal section at A B on plan, longi- 
tudinal section at C D on plan of ditto. 

Engines of H.M. steam ship Tbxrxblb, con- 
structed by Messrs. Mandslay, Sous, and 
Field, on the double-cylindrical principle. 
Longitudinal sections of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of ditto. 

Plan of engines, shewing also bunkers, paddles, 
Ac. 

Oscillating engines of the Peninsular and 
Oriental Company's steam vessel Abibl, 
constructed by John Penn and Sons. Longi- 
tudinal section. 

Section at engines of ditto. 

8«>ction at boiler of ditto. 

Plan at boiler of ditto. 

(Section St air-pump— taction at cylinder of 
ditto. 

Annular cylinder engines of the iron steam 
vessels Pbxiicms Mabt and Pjuvcbss 
Maupb, constructed by Maudslay, Sons, and 
Field. Longitudinal section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, shewing bunkers, 
paddles, Ik/a, 

Plan of engines of H. M. steam vessel Simoom, 
constructed by James Watt A Co., of Jxindon 
and Soho. 

Longitudinal section of ditto. 

Cross section of ditto. 

Engine of the Rbd Rovbb, side view and plan. 

Longitodinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of vessel. 

Plan of the engine of H.M. steam frisate PhSHlx. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the ROBT steam vessel, elevation Apian. 

Sheer draught and plan of vessel. 

Plan of engine of the Wilbkutosob, Hull and 
London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the BaxJOios, Hon. E. I. Cc's steam 
vessel. 

Section of ditto. 

Sheer draught and plan, stem view, and body 
plan of vessel. 

View of the Bbbimicb whilst at sea. 

Boilers of H.M. ships Hibmks, Spitfibk, and 

FlRBFLT. 

Kingston's valves, as fitted on board sea^[oing 
vessels for bloW-off injection, and hand-pump 
sea valves. 



Boilers of H.M. steam vessel Afbicak. 

Morgan's paddle-wheels, as fitted in H.M.S. 
Mbdba. 

Side elevation of ditto. 

Plans of upper and lower decks of H.M.S. 
Mbdba. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels, compara- 
tively. 

Positions of a float of a radiating paddle-wheel 
in a vessel in motion, and positions of a float 
of a verticallj acting wheel in a vessel in 
motion. 

Cjcloidal paddle-wheels. 

Sailing of steamers in five points tnm. courses. 

Experimental steaming and sailing of the Calb- 
dobia, Tahouabd, Asia, and Mboba. 

Engines of H.M. steam ship Mbosba. 

Engine of the steam boat Naw Wobud, T. F. 
Seoor A Co., Engineers, New York. Eleva- 
tion and section. 

Elevations of cjlinder and crank ends. 

Steam flinders, plans, and sections. 

Details. 

Several sections of details. 

Details and sections. 

Details of parts. 

Plans and sections of condenser, bed-plates, air- 
pump bucket, d». 

Details and sections, injection valves. 

Details, plan and elevation of beams, A«. Ac. 

Details, sections of parts, boilers, Ac. of the 
steam boat Nbw Woblo. 

Sections, details, and paddles. 

Engines of the U.S. mail steamers Obio and 
Gboboia. Longitudinal section. 

Elevations and cross sections of ditto. 

Details of steam-chests, side-pipes, valves, and 
valve gear of ditto. 

Section of valves, and plan of jiiston of ditto. 

BoUers of ditto, sections of ditto. 

Engine of the U.S. steamer Watbb-WitOH. 
Sectional elevation. 

Steam-chests and cylinders of ditto. 

Boilers, sections, Ac. of ditto. 

Boilers of the U.S. steamer Powbatah. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cincinnata Ame- 
rican packet BccKRTB Statb. 

Bow view, stem view. 

Plan of the Bucxbtb Statb. 

Model, Ac. of ditto, wheel-honse frame, cross 
section at wheel-house, and body plan. 

Plan and side elevation of ditto. 

Sheer draught and plan, with the body plan, of 
the U.S. steam frigate, Sabahac. 

Lon^tudinal section of ditto, cross section. 

Engines of the U.S. steamer Susqubhabba. 

Elevation of the U.S. Pacifio steam packet en- 
gine. 

Plan of ditto. 

Boilers of ditto, end views. 

Ditto ditto. 



Eighty 'firoe engravings and fifty-one wood-cute. 
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JOHN WEALE'S 



TREDGOLD ON THE STEAM ENGINE. 

llITttlON O. TO G., FORMING VOL. UI. 
8TATI0NABT XNGINBS, PUMPING KMGINES, MARINE BOILKBS, STO. 



8id« eloTrndon of pumping engliie, U. 8. dock. 

New York. 
End eleTatlon of ditto. 
EleTBtion and section of the pnmpi, ditto.— 3 

plates. 
Boilen <rf pumping engines, ditto. 
Boilers, Details, Ac., of pumping engines, ditto. 
Plan of the boUers, ditto. 
Isometiioal pntfection of a reotangular boiler. 
Plan and two sections of a cf lindrioal boiler. 
Bronton's apparatus for Hwung fUmaoe-flres bj 

OMans of machinery. 
Farts of a high-pressure engine, with a 4-pas. 

sagedoock. 
Section of a double-acting condensing engine. 
Section of a common atmospheric engine. 
On the construction of piatoos. 
Section of steam pipes and yalrea. 
Apparatus for opening and doslngi 
ParaUel Motions.— 3 plates. 
Plan and eleration of an atmospheric 
Eleration of a single-acting Boulton and Watt 

engine. 
Donblcacting engine for raising water. 
Double-acting engine for impelUng mac 
Maudslaj's portable condensing engine for 

polling machinexy. 
Indicator for measuring the force of steam in the 

cylinder, and diagrams of fonns of ▼easels. 
Section of a steam Teasel with its boiler, in two 

parts— diagrams shewing flre-placea— longi- 
tudinal section through bdler and flre-plaoes. 
Isometrical prqjection of a steam-boat exigine. 
Plan and section of a steam-boat engine. 
Ten horse-power engine, constructed bj W. 

Fairbaim and Co.— 4 plates. 
F<^-flye horse-power engine, constructed bj 

W. Fairbaim a^ Co.— 3 plates. 
Plan and section of boiler for a ao-horse engine, 

at the m a nu fltctoiy of Whitworth and Co., 



Messrs. Hague's double-acting cylinder, with 

slides,icr 
Sixty Jive inch cylinder, erected >y Maudslay, 

Sons, and Held, at the Chelsea Water-works. 



Beale's patented rotary engine. 

Double-stoiy boilers of H.M.S. DKTA8TATi<nr« 

400 H.P. 
Beftigerator foed and brine pumps. 
Feed and brine apparatus, as fitted on board the 

West India Boyal Mail Company's ships. 
Boilers of H.M. steam sloop Babiusx, 400 H.P. 
Boilers of the Smgapobk, 470 H.P., Peninsular 

and Oriental Company. 
Original double-stoiy boilers of the Gbkat 

WBSTKBir. 

Telescopic chimney, or sliding fannel, of H.M. 

ship Htdra, 220 H.P. 
Seaward's patent brine and feed valves. 
Boilers of H.M. mail-packet Uhduis, (Miller, 

RavenhiU, A Co.), 100 H.P. 
Cross sections of engines of H.M. mail packet 

Uhdoii. 
IxHigitndinsI elevation of ditto. 
Brine pumps as fitted on board H.M.S. Mjbdba, 

220 H.P. (Maudslay, Sons, a^ Field.) 
Boilers of H.M.S. Htdba, 220 H.P. 
Plan of the fotur boilers, with the supplementary 



steam chests and shut-off valves of the Avuiobb. 

Boilers of H.M. steam ship Niobb, 400 H.P., 
fitted by Maudslay, Sons, and Field. 

Experimental boiler, Woolwich Yard. 

Boilers of H.M.S.TBBfciBLB, 800 HP. (Maoda- 
laj. Sons, and Field.) 

Bcdlers of the MifX and Tbasbb, 100* H.P. 
(transferred to Wasp.) 

Bctlers of the Samsov, 450 H.P. 

Daniel's pyrometer, tail bLec. 

Boilers of the Dbspkbatb, 400 H.P. (Maudsli^, 
Sons, and Field.) 

Boilers of the Niokb (2nd plate). 

Boilers of H.M.S. Basilisk {M plate). 

Bfdlers of the Uitdine. 

Boilers of the Boyal Blail steam ships Asia and 
Afbiga, 768 H.P., constructed by B. Napier, 
Glasgow. 

Longitudinal and midship sections of ditto. 

Boilers of H.M.S. La Hooub, 450 H.P. (Sea- 
ward A Co.) 

H.M.S. Snxni, 600 H.P. Plan of telescope 
ftannel. 

BoUers of H.M.S. Bbisx, 250 H.P. 

Copper boilers for H.M.S Sassfabkil, 350 H.P. 
(James Watt A Co.) 

American marine boUers, designed and executed 
by C. W. Copeland, Esq., of New York, as 
fitted on boaxd the American packets. 

Midship section of the hull of the steam packet 
Paoipic, New York and Liverpool line. 

Elevation of pumping engines of the New Or- 
leans Water-works, IT. S., arranged and 



drawn by E. W. Smith, Engineer, 
at the Allaire Works, New York. 

Elevation of pumps A valves, chests, gearing, &c 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel in ope- 
ration at Lowell, Massaohusets, U. 8., by J. 
B. Franda, C.E. 

Elevation of ditto. section of ditto. 

Plan of the floats and guide curves, fitto. 

Large self-acting surlliuBing and screw-propdler 
lathe, by Joseph Whitworth A Co., Man- 
Chester. 

Longitudinal section, shewing arrangement of 
ei^;ine-room for disc engine applied to screw 
propeller, and Bishop's disc engine, by G. A 
J. Rennie, with details. 

Arrangement of engine-room for engines of 00 
horse-power, for driving propellers of H.M. 
steam vessels Rbtbabd and Cbubbb, con- 
structed by Messrs. Rennie. Longitudinal 
section and engine-room. 

Ditto. Transverse seotiona at boilers and at 
engines. 

Very elaborate diagrams, shewing experiments 
and results of various paiddle-wheels. — 8 plates. 

Steam flour-mills at Smyrna, constructed by 
Messrs. Joyce A Co. Double blinder pen- 
dulous condensing engine, side elevation. 

Side elevation, horiaontal plan, dltta 

Longitudinal section. 

Horuontal plan of mill-house and boilers. 

Transverse section through enginehouse and milL 

Boilers, longitudinal and transverse sections, 
front view. 

Section through ndll-stones, elevation of ui^ter 
part, section of lower part, plan of hopper, Ae. 



SUMMARY OF THE ILLUSTRATIONS. 

Vol. I. Locomotive Engines 

II. Marine Engines 

III. Stationary En^es, Pumping Engines, Engines 
for Flour-Mills, Examples of Bouers, &c. &c. . 

Total 



Plates. 


Wood-cQta 


41 


55 


85 


51 



100 



58 
164% 
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27 

HIGH-PRESSURE ENGINES.— ALBAN (Dr. ERNST),— 

THE HIGH-PRESSURE STEAM ENGINE : an ezposidon of its compara- 
tive merits, and an essay towards an improved system of constniction adapted 
especially to secure safety and economy. Tranidated from the Gennan, with 
Notes, by Wm. Pole, G. £., F. B. Ast. Assoc. Inst. C. E. In 2 vols. 8vo., with 
28 fine plates by Gladwin, (complete work,) price ISs, 6d, 

28 

STEAM ENGINE, THE THEORY OF THE, shewing theinac- 
curacy of the methods in use for calculating the effects or the proportions of 
Steam Engines, and supplying a series of practical formukB to determine the 
velocity of any en^e with a given load, the load for a stated velocity, the 
evaporation for desired effects, the horse-power, the useful effect for a given con- 
sumption of water or fuel, the load, expansion, and counterweight fit for the 
production of the maximum usefiil effect, &c. With an Appendix, containing 
concise rules for persons not familiar with algebraic signs, and intended to render 
the use of the formuls contained in the work perfectly clear and easy. By 
CoMTB F. M. G. DB Pamboub. In demy 8vo., extra cloth boards., price 12«. 

29 

In 4to., price 28. 6J. 

RESULTS OF EXPERIMENTS ON THE DISTURBANCE 

OF THE COMPASS IN IRON-BUILT SHIPS, made by Qeobob Biddel 
AiBY, Eeq,, A.M., Astronomer Royal, at the desire of the Board of Admiralty. 

30 

MACHINERY AND MANUFACTURES IN GREAT BRI- 
TAIN, PB0QBE8S OF, as exhiUted chiefly in chronological notices of some 
letters patent, granted for inventions and improvements firom the earliest times 
to the reign of Queen Anne. In 1 vol. 4to., price £1 It. in boards. 

31 

In 4to., price 2s, 6(/. 

ON THE PROPULSION OF VESSELS BY THE SCREW, 

By R. Bodmer, C. E. 



WORKS ON NAVAL ARCHITECTURE. 



32 

In 1 vol., 4to. text, and a large atlas folio volmne of plates, half-bound, price 

£6 6«. 

THE ELEMENTS AND PRACTICE OF NAVAL ARCHI- 

TECTURE ; or, a Tbbatisb oh Ship Building, theoretical and practical, on 
the best principles established in Great Britain; with copious Tables of Dimen* 
sions. Scantlings, &c. The third edition, with an Appendix, containing the 
principles and practice of constructing the Royal and Mercantile Navies, as 
myented and introduced by Sir Robebt Seppinos, Surveyor of the Navy. By 
John Knowles, F.R.S. Illustrated with a Series of large Draughts and nu- 
merous smaller engravings. 

list of plates. 



Penpectire of the frame of a 100-gnn ship. 

Constrocticm of an arch, drdea. So. 

Cone*. 

Capstans, crabs. 

Conducting bodies and bars. 

Floating bodies. 



Representation of a flying proa. 
Experiments on stability. 
Scale of soliditjr on tonnage and displacements. 
Machines for driyingand drawing bolts. 
Losgitndinal section and plan of a 74.gmi ship. 
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PUtes of DetaiU.— The following are exceedingly large : — 



1 1. Dimafht of a ihip propOMd to 
tmrrj 80 fans, upon two decks, with details. 
■ t. Ditpoeition of the frame ftur a 

■hip of 80 guns. 

■ S. Tb* planUag e^paJided of tho 

80-ganship. 

-4. PioAle of the inboard works of 



the 80-gun ship. 
5. Plans of the gon deck and orlop 

of ditto. 
yZ. Plans of the oiiarter.deek,te«- 

eastle, and upper deck of ditto. 

• 1. Main gear capstan of an 80-gim 



•hip, windlass, Ac., and details. 

8. Midship section of a 74-gan 

ship; midship section of a f4-guA ship, as 
prtq^osed bj Mr. Snodgrass ; midship Becti<m 
of a Sft-gnn frigate ; midship section of a 80- 

Sn IHgate, as proposed bj Mr. Snodgrass ; 
etches of a new ^bui proposed for fiiuning 
ships, and of the best mode of adopting iron- 
work in the oonstnutlon, and other details. 

Constmction 9. Sheer draught and plans of a 
40-gim frigate, with launch, Ac 

10. Sheer-draught, half-breadth 

and body plans of a sloop of war. 

n. Draught of the "Dart" and 

** Arrow" sloops, as dedgned by Oaeral 

— H. A brig of war, 18 guns, 

13. Inboard works of ditto. 

—^ 14. Plans of the upper and lower 

de(^ and platforms of a brig of war. 

16. Tacht " Royal Sovereign." 

- 16. Yacht built for the Prince 



Ro jsl of Denmark. 

- 17. Plans and sections of the inte- 



rior of a flre-shin. 
18. Draught and plans of a bomb 



19. A cutter upon a new oonf tme- 

tion, with mode of fitting sliding keels. 

-20. Sheer draught, half-breadth 



Construction 21. Sheer draught, half-breadth 
and bodj plans of a West Indiaman. 

22. A collier brig of 170 tons. 



a privateer. 



- 23. A y irglnia-built boat fitted for 
r. 
-24. A flMt sailing schooner. 

- 2B. A Virginia pilot boat. 

- 26. A Berwick Smack. 

- 27. A sloop of 60 tons in the 



London trade, particularly distinguished for 

her capadtj sad Telocity. 

■■ 28. A Southampton fishing hoy. 
29. The long boat of an 80.«un 

ship, shewing the nature and construetion bj 

whole mouhung. 
Construction 30. A laimdh, pinnace, eight-oared 

cutter, yawl, Ac. 
31. Wherry, lifo-boat, whale boat, 

a gig, a swift rowing-boat. 
32. Laybig off, plan of the fwe- 

body, sheer, and half-lnreadth plan of the 

fore-body, belonging to the square-bodies. 



and body plans of an East Indiaman. 



-^-~— — - S3. Plan of the after-body, sheer, 
and half-breadth plans of the after-body, 
Ac 

-34. After-body plan, fore-body 



plan, sheer and half-breadth plans of the 
after-cant body, sheer, and hall-breadth plsns 
of the fore-cant body. 

' ■ 35. Horiaontal transoms, cant tran- 

soms, sheer plan, body plan, Ac 

-36. Square tuck, body plans, sheer 



and half-breadth plans. 

37. Hawse pieces, cant hawse 

pieces, Ac. 

38. Ijaying off of the stem, laving 
off of the hwpins, plan of the stem, uieer 
plans, body plans. 

■ 39. Plans, elevations, and sections, 

of the difllarent conMvances for fitting the 
store-rooms, Ac. on the orlop of an 80-gun 
ship, shewing the method of fitting all ships 
of the line in Aiture. 



33 

Drawn and Engraved with Dimensions, Svo. text, and folio plates. 
Price 12*. 

THE NAVAL ARCHITECTS PORTFOLIO, and the Student's 
Practical Instractor in the Constmction and Dranghting of Ships for War, Mer- 
cantile, and Steam Packet Service — Iron and Timber. By H. A. Summebfeldt, 
Lieutenant in the Royal Norwegian Navy. 



34 

In 3 parts or volumes, in 12mo., with nmnerous plates and wood-cuts. 
Price 3*. 

RUDIMENTS OF NAVAL ARCHITECTURE; or, ak Expo- 
sition OF TBB ElEMSNTABT PbINOIFLES OF THE SoDCNOE, AND THE PRAOTIOAt. 

AFFLioATioK TO Nayal CoNSTBuoTioir, for the Use of Beg^ers. By James 
Peake, Naval Architect. 

35 

In 12mo., with numerous wood-cuts, price 1«. 

HINTS ON THE PRINCIPLES WHICH SHOULD REGU- 

LATE THE FORM OF SHIPS AND BOATS; derived from Original 
Experiments. By William Bland, Esq., Author of ''On the Principles of 
Construction of Arches," &c. 



NEW LIST OF WORKS. 
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36 

Large atlas folio plates, price £2 2«. 
NAVAL ARCHITECTURE; or, The Rudimekt8 and Eules 
OF Ship Building ; exemplified in a Series of Draughts and Flans. By Mab- 

MADUKE StALKABTT, N.A. 

OONSISTINO OF IN PLATES ONLY — 



1. A long boat for a third-rate, six figuret of 

TarioiM draoghti. 
3. A yacht of 141 tons, ten figures of seyeral 

draughts. 

3. A sloop of 831 tons, sheer draught and 
bottom, fore and aft-bodies. 

4. A sloop of war, cant timbers. 

5. The bottom and top side. 

6. 44.gun frigate, fore and aft, and bottom, a 
very fine and large engraying. 

7. Draughts, sereral. 

8. The shift of the planks in the top side, and 



the dispositions of the timbers in ditto. 

9. 74-gun ship, sheer draught and bottom, tore 
and aft-bodies. 

10. Draughts several. 

11. Right aft, a level view of the stem of a 
74-gun ship, side view of the head and quarter- 
gallery, Ac. 

12. A cutter, drau^ts, Ao. 

13. Exact method of ending the lines of different 
sections. 

14. A frigate, sheer draught, bottom, fore and 
aft-bodies. 



These plates exhibit fineness and correctness of drawing and engraving, and upon 
a large scale of rare occurrence. 



STEAM NAVIGATION. 



37 

In atlas folio size, with 26 very finely engraved plates by Lb Keux, price 26*. 

THE GREAT BRITAIN ATLANTIC STEAM SHIP of 3500 
tons, constructed of iron, with engines of 1000 to 2000 horse-power, and the 
screw propeller ; with scales and figured dimensions to all the parts. 

LIST OF PLATES OF THE GREAT BBITAIN. 

1. Section of fore-end of engine-room looking 
aft. 

2. Section at aft-end of the boilers. 

3. Section tlirou^h the centre part of the en- 
gine-room, looking forward. 

4. 5. Plans, elevations, and sections of the 
cylinders. 

6, 7. Main driving shafts and cranks, details. 
8, 9. Section at the fore-end of the boilers. 
1 0, 1 1 . Air-pump, connecting-rod, elevation and 

plan of the parallel motion, air-pumps. 
12, 13. Piston, rods, and parallel motion, blocks, 

with plan. 
14, 15. Section shewing the maimer of car- 



rying the cargo deck, and disposition of 
the plate-sleepers in the ship's bottom, after 
end. 

16, 17. Section at the after-end of the vessel, 
shewing sleepers and lower cargo dedL. 

18, 19. Upper cargo deck, forward, shewing the 
mode of fixing to the sides of the vessel. 

20, 21. Plan of the engine and boiler-room, 
upper deck. 

22, 23. Longitudinal section through the engines 
and boilers. 

24, 25. End elevation of the screw propeller ; 
elevation of the after-end of the vessel, shew- 
ing screw propeller and rudder. 



38 

In one very large-rized plate, finely engraved hy Lowbt, price 10<., with scales 

and meaoares. 

THE SHEER DRAUGHT BODY PLAN, AND BOTTOM 

OF THE IBON SHIP GREAT BRITAIN. 

89 

Collected and bound uniformly in one folio volume, with the Text in medium 
quarto, half-doth boards, price £5 16s, 6df; forming a complete and separate 
work from any edition of Tredgold on the Steam Engine. 

APPENDICES TO THE ELABORATELY PREVIOUSLY PUBLISHED 

EDITION OF 

TREDGOLD ON THE STEAM ENGINE, AND ON STEAM 

NAVIGATION, complete; bein^ the Appendices A, B, C, D, E, F, and G, 
and not included in the new edition of Tredgold ; comprising very amply illus- 
trated subjects on Steam Navigation, Steam Vessels, hoih of iron and timber ; 
Steam Engine in the Government Arsenal, Woolwich ; Marine Engines; an in- 
vestigation and complete development of Screw profiling ; and an elaborate 
Treatise and detailed Illustrations of the Cornish Engine, &c. 
The Engravings are cm a large scale, for practical use, and were drawn, ex- 
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pLainedf and corrected under the direction of the following scientific gentlemen : 
Means. Laird, Liverpool ; Seaward, Limehouae ; Fairbaim ; Oliver Lang, H.M. 
Shipwright, Woolwich; 'William Pitcher, Northfleet; Miller & RavenhiU; Sir 
William Symonda, ftc. ftc. 

APPENDIX A, B.— Price £1 12#. Od. 

LIST OF SUBJECTS AND PLATES. 



Inm iteam Tteht ** Glowworm," constructed 

bj Mr. J. Laiid, Birkenhead. 
Iron tteun-Ahlp " Rainbow," belonging to the 

General Steam Narigation Company, draught 

line* at bottom* Ibva-bodj to a Jarge wale, bj 

Mr. J. Laird. 
Plana of the engines of 90 luvse-power each, 

50-inch flinders, 44 stroke, made bj O. 

Forrester and Co., LlTerpool, and fitted on 

board the ** Rainbow." 
Bide deration and section of ditto. 
Transverse section of ditto. 
Draught of the American armed steam-ship 

•* P^ton." Half the main broadth, 17 ftet; 

distance between the water lines, 2 ftet ; fore 

and after bodj precisely alike. 
Plans of upper and lower deck of the Admiralty 

yacht «* lUack Eagle," with fittings, Ac 
Plans of upper and lower decks of the iron 

steam-yacht " Nevka, built tor the Empress 

of Russia, by Messrs. Fairbaim and Go. 
I>raught section, and lines of the '* Nerka." 



Cross section of ditto, shewing engines, construe* 

tion of vessel, and paddles. 
Bodr plans, cross section, and saloon ; shewing 

joinings, fittings, and decorations. 
Mr. John Hague's 12-horse condensing engine, 

in operation at the Arsenal of Woolidch: 

deration, with dimensions of parts and rofte« 



Longitudinal section, ditto, ditto. 

Plan, ditto, ditto. 

Section, shewing boiler, Ac., ditto. 

"End section, shewing fnmace, Ac., ditto. 

Mr. Lang's mode of connecting the stem, stem, 
post, and ked together, fin: any descriptian of 
vessel ; and Mr. Lang's method of framing the 
ribs and keels of steam vessels, with a plan of 
timbers explained, sectimuJ parts and dimen- 
sions. 

Chapman's draocht lines of bottom, fore and aft 
bodies ; and Mr. Whitdaw's, of Glasgow, new 
contrivances in the steam-ea^i^e. 



Several of these plates are of a large size, and nsefnl to practical men. 
APPENDIX C. -Price 14». 



LIST OF SUBJECTS AND PLATES. 



General devaticn of the starboard en^ne and 
boilers of the ^* Cydops," shewing the relative 
position of dl the parts connected therewith. 

End views of both engines at the paddle 
shaft, with a section of the veasd taken at the 
same point, Ac 

Front elevation, section in devation, and plans 
of the cylinder, steam nocdes, and slide gear, 
with details of the exoentric, Ac. 



Diiferent views of the condensing app«ratns. Hoed 
and bilge pumps, Ac 

Details of the parallel motion, connecting-rod 
and piston, cross-head, Ac 

Elevations of part of <me paddle-whed and 
shaft, Ac 

Front elevation of two boilers, Ac 

Transverse sections of two boilers, Ac. 

Plans of the four boilers, Ac. 

Appendages to the boilers, Ac 

Together with several details scattered over the plates. 

APPENDIX D.-Price 10#. 6rf. 

THE ARCHIMEDEAK SCREW, OR SUBMARINE PROPELLER, illns- 
trated; describing also the inventions and experiments on this important subject. 

APPENDIX E, F.-Price £1 65. 

LIST OF SUBJEOTS. 



West Indian mall steam-packet "Us," by Mr. 

Pitdier, Northfleet. 
The ** Orion," Ipswich steam-packet vessd, by 

Mr. Read, Ipswich. 
Eni^es of the " Isis," by Messrs. MUler A Co. 



H.M. 8team-41gate of war ^^w. 

Wm. Bymonda, Surveyor of the L ^ 
Engines of the "Dee" and "Solway" West 

Indian mail steam-packets, by Messrs. Scott, 

Sinclair, A Co. 



"Cydops," by Sir 
' " i Navy. 



The plates are very large, and consist of— 



Sheer draught and pr<^e of inboard works and 

after-body of the Royd mail West Indian 

packet " Isb." 
Lines of bottcnn, ditto. 
Plan of spar^leck, shewing Captain Smith's lifo- 

boats. 
Plans of upper and lower decks, ditto. 
Midship section, ditto. 
Sheer draught, lines of bottom, and after body 

ot the ** Orion," Ipswich iron packet. 
Plan of deck of ditto. 
Longitudind elevation of erne of the engines of 

the •* Isis." 
End elevati(»i of ditto, shewing paddles, shaft, 

and construction of vessd. 



together 



Plan of the engines of the ** Isis," 

with the bdlers, engine-room, Ac. 
Sheer draught, profile of inboard works, with 

lines of bottom, and after body, of Her Ma- 

Jesty's steam^frigate " Cydops." 
Plans of upper and lower decks of ditto. 
Sketch of spars, sails, Ac. of ditto. 
Transverse section, and part of fhune-work of 

ditto, shewing the admirable construction of 

this vessel. 
Longitudind elevation of one of the engines of 

the Royal MaU West India packets *« Dee " 

and " Solway." 
Two end views of ditto. 
Plan of ditto. 
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APPENDIX G.— Price £1 12«. 

THE CORNISH PUMPING ENGINE; designed and constructed at the Hayle 
Copper-House in Cornwall, under the superintendence of Captain JicNRiirs; 
erected and now on duty at the ooal mines of Languin, Department of tlie Loire 
Infi§rieur, near Nantes. Nine elaborate drawings, historically and scientifically 
described. 

LIST OF FLATSS. 



DetaUs of air-pump, condenMn, Ibed-pump, San. 
Ditto Ixnler and bdler apparatus. 
EleTation and seeUons of prnnps and pit- 
work. 



Plan of tiM engisM and boiton ; aide eleratiou 
of wigine. 

End view of engine and boliert . 

Details of Qjlinder, noules, Talyes, hand-gear- 
ing, 4^. 

The text in a 4to. volume, and plates in a large folio size. 

40 

In imperial quarto, with fine illustrations, extra cloth boards, price £1 5«., or half- 
bound in morocco, price £1 11«. 6<f. 

THE LOG OF A MERCHANT OFFICER, Viewed with Refer- 
ence to the Education of Young Officers and the Youlli of the Merchant Ser- 
vice. By BoBBBT Mbtbvkm, Commander in the Peninsula and Oriental Com- 
pany's Service. With an Editorial Preface by Db. Lton Platfair. 

41 

USEFUL TO EXPERIMENTERS AND LECTURERS. 

A SYSTEM OF APPARATUS FOR THE USB OF LEC- 
TUBERS AND EXPERIMENTERS IN MECHANICAL PHILOSOPHY. 
By the Rev. Bobuit Willis, F.R.S., Jacksonian Professor of Natural and 
^perimental Philosophy in the University of Cambridge. With three platen, 
ooutaimug fifty-one figures. Price 6§, 

OOHTXNTS. 

ARTICLI. 

21, Shafts between oentre-aerewB. 

38. Adapters (flg. 83.) 

39. Pinned Shaft-rings (fiff. 30.) 
80. Flanch (flg. 82.) 
31. Lerer Ann or Hiuidle (llg. 84.) 
33. Sets of pleoes in dellnite sixes. 

NoU on Bolts. 

33. Short Shafts in single bearings. 

34. Example^Llnk-work (flg. 40.) 

35. Other Mountings of short Shafts (flg. 21.) 

36. Many independent pleoes on a oommon axis. 

37. Bxample— Ferguson's Paradox (fig. 41.) 

38. Remarks. 

39. Recapitulations. 
Noi€ on Proftssor Fuish's method. 

CHAP. IV.— APPLICATIONS OF THE 
SYSTEM. 

40. System applied to fbur purposes (as follows) : 

41. 1st. EUmentarf Co9MuaHon$. 
Examples. 

42. Roomer's Wheels (fig. 43.) 

43. 2nd. ModMt (f Magnet. 
Examples : 

44. Repeating Clock (figs. 43.44.) 

45. ParaUel Motion Cnrres (fig. 45.) 

46. Eaoatorial dock. (figs. 4V to 50.) 
4f . Friction Blaohlae (fig. 46.) 

48. Models in which the general prinelples of 
the ijstem are applicable. 

49. Looms. 

50. Rope-making macliineiy. 

61. Organ. 

62. Srd. Fitting up of Appdraitu for Mechanical 
PMIosoiSf (to. 81,37,28.) 

53. Use of Psste-board. 

54. Shears (fig. 51.) 
56. 4th. Triat qf orifinat eonirivaneee. 



1. Introduetory Remarks. 

CHAP. I.— WHEELS AND STUD. 
SOCKETS. 

8. System condsts of certain definite parts. 

3. Toothed-wheels and other revolving pleoes. 

4. Kejr-grooves. 

6. Stod-sockets and Collars (figs. 8, 10, 12.) 
iVols.— Double Socket (fig. 0.) 

6. Stud-sockets of peeoliar form (fig. 13.) 

7. Stud-soekets of peculiar Ibrm (fig. 11.) 

CHAP. II.— FRAME-WORK PIECES. 

8. Frame-work. 

9. Advantages of Studs. 

10. Brackets (figs. 1 to 6.) 

11. Coach-bolts. 

^ote.~Clamps (fig. f .) 

15. SUt Tables (fig. 16.) 

13. Solcblocks. (fig. 17.) 

14. Beds (fig. 30.) 

16. Eeotangles (fyt- 10-) 

16. Examples of Frames. 

17. Stools (figs. 23 to 26.) 

18. Pests. 

19. Lo(9S(fig.S2.) 

30. Positions of the Studs and Brackets. 

31. Onlde.pulle7s. 
33. Tripod«tretGher. 

CHAP. UI.— SHAFTS AND TUBE- 
FITTINGS. 

33. Mounting of Shafts. 

34. Shafts in carriages (figs. 36, 36, 87.) 
36. Shafts in Tnbe^ttings (figs. 20, 39.) 
86. Sliaft-rlngs. 



Baseboard (fig. 18.) 
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42 

FAIRBAIRN ON WATER WHEELS WITH VENTILATED 

BUCKETS. In 4to., with plates, price 7f . 6d. 

43 

In 4to., four plates, price 6«. 

DESCRIPTION, WITH ILLUSTRATIONS, OF THE TUR- 
BINE WATER WHEEL, oonrtrncted and in operation at Lowell, Maasa- 
chusets, U.8. By Jamss B. Fbanois, C. E. 

44 

In 8vo., cloth boards, price 9«. 

HYDRAULIC FORMULA, CO-EFFICIENTS, & TABLES; 

for finding the Dischar^ of Water from Orifices, Notches, Weirs, Short Tubes, 
Diaphragms, Month-pieces, Pipes, Drains, Streams, and Biyers. By Johh 
NsvnjJB, Architect and C. E., Member Royal Irish Academy, Member Inst. 
C. E. Ireland, Member Geological 8oc. Ireland, County Surveyor of Louth, 
and of the County of the Town of Dr^gheda. 

This work oontslns above 160 different hydraulic formuUs (the Continental ones 
reduced to English measures), and the most extensive and accurate Tables yet 
published for finding the mean velocity of disoharpfe from triangular, quadrilateral, 
and circular orifices, pipes, and rivers; with ezpenmental results and co-efficients; 
eflfocts of friction ; of tne velocity of approach ; and of curves, bends, contracti<»is, 
and ezpsnsions; — the best form of channel; — thb dbainagb BFraors of long 
AND SHORT WBiBS, AND WEIB-BASQ7S ;— extent of back-wator from weirs ;— con- 
tracted channels;— catchment basins; — hydrostatic and hydraulic pressure;-^ 
water-power, Ac ftc. &o. 

45 

PRACTICAL AND EXPERIMENTAL RESEARCHES IN 

HTDRAULICS. By B. A. Pbaoogke, C.E. In 4to, with plates, price 7$. 6d, 

46 

AN HISTORICAL AND SCIENTIFIC DESCRIPTION OF 
THE MODE OF SUPPLYING LONDON WITH WATER; and a par- 
ticular account of the different Companies so engaged, with an expoRition of the 
attempts to adopt other modes; together with an account of the contrivances 
for supplying cities in different ages and countries. By the late William 
Matthxws. In 8vo., with 19 plates, in boards, price 9f . 



CORNISH PUMPING ENGINES. 

AN EXPERIMENTAL ENQUIRY CONCERNING THE 

RELATIVE POWER OF, AND. USEFUL EFFECT PRODUCED BY, 
THE CORNISH AND BOULTON & WATT PUMPING ENGINES, 
and Cylindrical and Waggon-head /Boilers. By Thomas Wickstesd, O. E., 
Engineer to the East London Watiiir- Works. In 4to., price 6«. 

48 

THE ELABORATELY ENGRAVED ILLUSTRATIONS OF 

THE CORNISH AND BOULTON & WATT ENGINES erected at the 
East London Water- Works, Old Ford. By Thomas Wiokstesd, C. E. 

OOBNISH BNGINB.'- 

S. PUa of the bc^er-hooM and four ^lindrical 



1. Side eleration of the engine, pump, and stand 
pipe, with longitudinal Motion of the engine- 



2. Longitudinal lection of the engine, Ac, on 
an enlarged scale. 



bdlers, two of which, together with the 
warming tube, are shewn in section. 'Flan 
of the engine-house and en^e, with pump 
and stand pipe. Longitadiud section of the 
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catanet fbr opening tbe eqnilibriom rtdve. 
ElevatUm of ditto for opening the exhaus- 
tion and iteam Talves. 
Front eleTa1io% of the fitee of the bc^en, a 
eroM seetion of the four b<dlen and the 



wanning tube, shewing tbe aide and bottom 
flnea, the Ividge, fire-ban, and descending 
flues to bottom flue. Longitudinal section of 
one Iwiler and bottom flue, shewing the 
end and main flues in areas seetion, Ae. 



1. General eleration of the engine, main pump, 

air Tessel, Ac, with longitudinal section of 
the engine-house nod well. Elevation of 
the cjhnder, air-pump, and oondenser, with 
transverse section of the engine-house 
through the cold water eistem. 

2. Longitndinnl secticm of the engine-house 

and engine, midn pump, air renel, Ac., to 
an enbuged scale. 



BOULTOH AND WATT ENOINB. 

3. Plan of the boUer-honse and two boilen. 



shewing the grates and seating of one boiler 
and section of another through the internal 
flue. Plan of the engine-house and engine, 
with pump, air ressel, Aco 
4. Longitudinal section of the boiler-house and 
one boiler. Transrerse section of the 
boiler-house, with transrerse section of 
one boiler and front elevation of the ftce 
of the other, with Stanley's fire-flseder. 

Ei^ht large atlas folio ^reiy fine line engravings, by Gladwin, from elaborate 
drawings ni#de expressly by Mr. Wioksteed; in a wrapper folio, together with a 
4to. ezjplanation of the plates, containing an engraving, by Lowbt, of Harvey 
and West's patent pump-valve, with specification, price £2 28. 

49 
CORNISH PUMPING ENGINE: designed and' oonstrueted 

at the Hayle Coroer-House in Cornwall, under the superintendence of Captain 
Jenkins ; erected and now on duty at the coal mines of Languin, Department 
of the Loire Infi^rieur, near Nantes. Nine elaborate Drawings. Historically 
and scientifically described. By William Polb, F.R.A6t.S., Assoc. Inst. 
C. E., &c. 

list of plates. 



Plan of the engine and boilen; dde elevntiom 

of engine. 
End view of engine and boUers. 
Details of QjUnder, noisles, ratves, liand-gear- 

ing, &e. 



Details of air-pump, condensers, feed-pump, 

Ditto boiler and 1x»iler apparatus. 
EIcTntion and seotloiiB of pumps and pit- 
worlc. 



The text in a 4to. volume, and plates in a large folio size, price £1 12«. 

50 

AN ANALYTICAL INVESTIGATION OF THE ACTION OF 

THE CORNISH PUMPING ENGINE. By William Polb, C.E., Fellow of 
the Royal Astronomical Society, Associate of Uie Institution of Civil Engineers. 
This, the Third Part, completes the * Treatise on the Cornish Pumping l^gine.' 
In 4to., with a plate, price 10«. 6<^. — Parts I. and II. may also be had. 

51 
HEDLEY'S (JOHN) PRACTICAL TREATISE ON THE 
WORKING AND VENTILATION OF COAL MINES, with suggestions 
for improvement in Mining. Boyal octavo, plates and wood-cuts, price 12«. 6<f. 
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In 4 vols, royal 8vo., bound in 3 vols, half morocco, price £4 10s. ; or the Plates 
printed In a superior and more convenient form, very neatly bound in atlas folio, 
price £5 158. (kl, 

THE THEORY, PRACTICE, AND ARCHITECTURE OF 

BRIDGES of Stone, Iron, Timber, and Wire ; with Ezamnles on the Principle 
of Suspension : Illustrated by 138 Engravings and 92 Wooa-cuts. 

DIVISIONS OF THB WOBK. 

Theory of Bbiooes. By James Hann, King's College, London. 
Okmebal Pbinciples of Conbtbuction, &c. Translated from Gauthey. 
Theory of the Aboh, &c. By Professor Moseley, late of King's College, London. 
Papbus on Foundations. By T. Hughes, C.E. 
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AcoouNT OF HuTCHBsoK Bbidgb, Glasoow, with specification. By Robert 
Steyenson, C.E. 

Mathbmatioal Pbinoiplbs of Dredge's Suspevbion Bridge. 

Essay and Treatises on the Practice and Architeoturb of Bridges. By 
William Hosking, F.S.A.» Architect, and C.E. 

Spboifioation of Chester Deb Bridge. 

Peaotioal Description of the 1'imber Bridges, &c. on the Utica and Syra- 
cuse Railroad, U.S. By B. F. Isherwood, C.E., New York. 

Description of the Plates — General Index, Ac, &c., &c. 



LIST OF PLATES. 



1. Centering of Ballster Bridge, acron the 

RiTer Dee, Aberdeenshire. 
3. Town's American Timber Bridge, dettdls. 

3. Do., sections. 

4. Do. do. 

ft. Ladjkirk and Norham Timber Bridge over 
the River Tweed, bj Jolm Blackmore, 
Engineer. 

6. Umber Bridge over the Cljde at Gla^ow, 

S' Robert Stevenson, Glasgow, 
eratiim of .arch of do« 

8. Transverse section of do. 

9. Section of A)ot-path on line do., kc. 

10. Oocnpatlon Bridge over the Galder and 
HebUe Navigation, Yorkshire, by William 
Boll, Engineer. 

11. Newcastle, North Shields, and Tynemouth 
RaUway Viaduct across Willington Dean. 
J. and B. Green, Engineers, plans and 
elevations. 

12. Do., do. 

13. Do., sections. 

14. Newcastle, North Shields, and Tynemouth 
Railway Viadoct across Cose Bum Dean, 
plan and elevation. 

15. Do., do. 

16. Isometrical view of the Upper Wooden 
Bridge at Elysville over the Patapsco River 
on the Baltimore and Onio Railroad. 

17. Elevation and plan of do. 

18. Sections of do. 

19. Longitudinal seoUon under the central arch- 
way of Old London Bridge, shewing the 
sunk weir recommended by Mr. Smeaton to 
hold the water up for the benefit of the 
water-works, ftc, in 1763; sections of the 



20. 
21. 
22. 
23. 



96. 

37. 



38. 

29. 

30. 
31. 
32. 
33. 
34. 

35. 
36. 



Plan and elevation of the Timber Bridge 
Ibr Westminster, as designed by J. Wesley. 
Half-elevation of Timber Bridge ft>r West- 
minster, as derigned by James King. 
Westminster Timber Bridge adapted to the 
stone piers, by C. Labelye, Engineer. 
One of the river ribs of the centre on which 
the middle arch of Westminster Bridge was 
turned, eztending76 feet, designed and ex- 
ecuted by James Ring. 
Long elevation and plan of Westminster 
Bridge. 

Elevation of the Foot Bridge over the 
Whitadder, at Abbey St Bathan's. 
Weymouth Bridge, elevation and plan. 
Very long elevation of Hnteheson Bridge, 
Glasgow, desismed and completed by Robert 
Stevenson, C.B. 

Longitudinal section of do., shewing the 
progress of the works in 1832. 
Cross section of do., shewing the building 
apparatus and centre fhunes. 
Gross section of ditto. 
Plan of southern abutment of do. 
Section of abutments of do. 
ToU.houses of do. 

Bridge of the Schuylkill at Market Street, 
Philadelphia. 
Details of do. 

Plan of the wood-work in the starling of 
the small piers of Chepstow Bridge. 



31. Longitudinal section through one of the 
large piers. 

38. Details of Chepstow Bridge. 

39. Plan, elevation, and sections of the central 
arch of London Bridge. 

40. London and Croydon Railway Bridge on 
road flrom Croydon to Sydenham, plans, 
elevations, and sections. 

41. London and Croydon Railway Bridge on 
road fhxm Norwood to Bromley, do. 

42. London and Croydon Railway Bridge at 
Sydenham, do* 

43. Elevation of the Victoria Bridge built over 
the valley of the River Wear, on the line 
of the Durham Junction Railway. 

44. Elevation of Chepstow Bridge. 

46. Plan shewing the piling and timber founda- 
tions of one of the large piers of Chepstow 
Bridge. 

46. Plan of pier, elevation of do. 

47. £nla^;ed section of one of the piers of do. 

48. Newcastie and Carlisle Railway Bridge over 
the River Tjne at Scotswood, by John 
Blackmore, Engineer, plan and elevation. 

49. Sections of do. 
60. DetaUs of do. 

51. Elevation and plan of the Bridge over the 
River Eden at Carlisle, by Sir Robert 
Smirke, Architect. 

62. Elevation of one of the arches, with a pier, 
and the north abutment. 

52a. The centering used for the arches of do. 

53. Plan and elevation of the Bridge erected 
over the Thames at Staines. 

54. Elevation and plans of the Wellesley Bridge 
at Limerick. 

55. Elevation of pier and half arch, with longi- 
tudinal section, plan and section of baluster, 
transverse section through the crown and 
spandrel. 

56. bridge of Jena, plan and elevation. 

57. Do., elevation of one of the land arches, 
witn section of towing-path and retaining 
wall, transverse section of the bridge at the 
springing of an arch, plan of do. , transverse 
section of the bridge through the centre of 
one of the land arches, plan of the abut- 
ments, retaining walls, &c. 

58. Elevation of the DerU's Bridge over the 
Serehio, near Lucca, Italy; plan, elevation, 
and cross secti<m. 

59. Bridge across the River Forth at Stirling, 
by S. Stevenson, elevation. 

60. Longitudinal section of the same. 

61. Timber Bridge on the Utica and Syracuse 
BaUway, United SUtes, spaas of 40 and 
30fiBet. 

62. Do., span of 60 feet 

63. Do., elevation, plan, and cross section, span 
of88ftet. 

63a. Do., isometrical prcjection. 

64. Do., plan, elevation, and cross section, span 
of84ftet. 

64a. Do., span of 82 ftet 

65. Abutment for a bridge ofc83 feet span over 
the Oneida Creek. 

06. TresUe Bridge, Oueida Creek Valley, span 
of 29 feet. 
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67. Do., eleTatlon of span of 100 feet. 

67a. Do., iaometrical pn^tion of truas, con- 
nexion of floor beuns, and croea section. 

68. Trestle Bridge, Onondaga Creek VaUey, 
8panof29ftet. 

60. A great Tarietj of details of Joineiy. 
69a. FUe-driring machine. 

70. Isometrloal prql^ctions. 

70a. Isometrical projection of iron plate. 

70*. Do. 

70c. Do. 

lOd. Do. 

lOe. Do. 

70/. Do., colverts. 

70g. Yiadoct under Erie Canal. 

71. Remains of the bridge over the River Adda, 
at Treuo, Milanese. 

72. Eljr Iron Bridge, near Cathedral. 

73. Details of do. 

74. Details of do. 

75. Details of do. 

76. Baddies^ Bridge, over the River Aire, 
Yorkshire, detaUs of the iron work 

77. Do. 

78. Do. 

79. Do. 

80. Do., sections of structure. 

ftl. Do., plan, iron balustrades, &c. 

82. Haddlesej Bridge, over the River Aire, 
Yorksblra, detaUa. 

83. Do., elevations. 

84. London and Blackwall Railway Bridge, over 
the Lea Cut, elevation and plan. 

86. Do., sections and details. 

86. Do., seetiona, enlarged view of railing. 

87. Isometrioal prctJecUon of the Suspension 
Bridge at Balloch Ferry, constructed on 
Mr. Dredge's principle. 

88. Perronet*8 design liar the bridge over the 
Seine at Melun, sections, Hcc 

89. Brighton Chain Pier, portions of construc- 
tive detail. 

90. Wreck ofdo. in Oot. 1832. 

91. Do. 

92. Longitudinal and transverse sections of Cast 
Iron Swing Bridge. 

93. Longitudinal section and transverse do., 
plan of turning plate and roller fhune, plan 
of bed plate of Cast Iron Swing Bridge. 

94. Elevation and plan of Cast Iron Swing 
Bridge, PWmonth. 

96. Geirard's Hostel Bridge,Cambridge,ereeted 
by the Butterley Company, W. C. Mylne, 
Engineer, elevation and plan. 



96. Do., sections and detaUs of do. 

97. Do., transverse section of do. 

98. Fribourg Suspension Bridge, general eleva- 
tion, with a section of the VaUey of the 
Sarine and of the mooring shafts, &c ; 
general plan, ends of the main piers, with 
the approaches enlarged, &c. 

99. Do., seetiona and details of do. 

100. Do. do. 
lOOo. Do. do. 

101. Professor Moseley's diagrams of the Arch. 

102. Do. 
lOS. Do. 

104. Robert Stevenson's elevation of a Chain 
Bridge upon the Catenarian principle. 

105. Do., plan and section of do. 

106. Do., longitudinal section. 

107. Do., sections, back of ardied accesses; 
plan of pier, shewing the cables, ftc. 

106. Elevation and plan of Darlaston Bridge, 
Staffordshire. 

109. Longitudinal and transverse sections of do. 

110. Centering for do. 

111. Half -elevation, sections, and details of 
Bascule Iron Bridge for Wellesley Dock 
Works. 

1 12. Plan of do., sections, Ac. 

1 IS. OuseValley Viaduct, London and Brighton 

Railway, longitudinal section, section of 

wing wall, transverse section of roofed 

recesses and pilasters. 
llSa. Elevation of north abutment and eight 

arches of do. 
114. Transverse section through centre ardi 

of do. 
116. Plan of superstructure, plan of foundationa, 

transverse section through relieving arches 

of do. 

116. Detail! of do. 

117. Plan of Swivel Bridge, shewing ribs, wind- 
laas, Ac. 

118. Elevation of front rib, shewing sections, 
flJling handradls, Ac. ; longitudinal section, 
cross sections, Ac., of do. 

119. Cast iron Swivel Bridge on tlie Newry 
Canal, half-elevation, plan, transverse sec- 
tions, Ac. 

120. Do., plan of masonry of abutments, base 
rings and platfcnm of railway, section^ 
through, plans of abutments, Ac., Ac., Ac. 

121. Wire Bridge over the Foese at Geneva, 
elevation, plan, and several details. 

122. Western Railroad Connecticut River Bridge, 
elevation, plan, sections, and details. 



53 
SUPPLEMENT TO "THE THEORY, PRACTICE, AND 
ARCHITECTURE OF BRIDGES OF STONE, IRON, TIMBER, WIRE, 
AND SUSPENSION." 

In one large 8vo. volume, with explanatory text and 68 Plates, compiising details 
and meaaui^ dimensions, in Parts as follows : 

Parti ea. 

» II 65. 

„ ni 6». 

„ IV lOs. 

„ V.&VI 20*. 

Bound in half-morocco, uniform with the larger work, price £2 10«., or in a 
different pattern at the same price. 

LIST OF PLATES. 



Cast-iron Girder Bridge, Ashford, Rje and 

Hastings Railwaj. 
Details, do. 
Elevation and plan of truss of St.Mar j's Viaduct, 

Cbeltenham Railwaj. 
Iron road bridge over the Railway at Chalk 

Fkrm. 



Mr. Fairbairn*s hollow -girder bridge at Black- 
burn. 

Waterford and Limerick Railwaj truss bridge. 

Hollow-girder bridge over the River Medlock. 

Railwaj bridge over lagunes of Venice. 

Viaduct at Beaugencj, Orleans and Tours Rail, 
way. 



22 



JOHN WEALE'S 



i/ftein <tf 



Obliqiw eaat-iroB bridge, oi 

M. PokMioeaii, owtr the Gaajd St. Denla. 
BiMkwBll Extension lUllwaj, " 



Ditto. 



enlamd 
detaib. 



eleratlcni of outside girders. 



Do., details. 

Do., do., and sectioM. 

Do., do., do. 

RJcnmond and Windsor main line, bridge orer 

tbeTbames. 
Do., details. 
Do., do., and sections. 
Orieans and Bordeanz Railwaj bridge. 
Do., seetions and details. 
Bonen and Harre Bailing timber bridge. 
Do., details. 
Do., do., and sections. 

Viaduct of the Vallc7 of Malaunoey, near Bonen. 
Hoop-iron sospension bridge over the Seine at 
tdeteS 



Snreane, department 
Hoop-iron suspension Ibot bridge at AbainTllle, 
SosFonsion bridge over the Douro, iron wire 

sospension cables. 
Do., deUlls. 
Glasgow and South- Western RaUwaj bridge 

over the water of Ajr. 
Do., seetions and details. 
Plan of the cities of Ofen and Pesth 
. Sections and soundings of the Kiver Danube. 
Loncitudinal section of frsming. 
No. 1 coflbr-dam. 
Transrerse framing of coffsr-dam. 
Sections of Nos 2 and 3 of coffsr-dam. 
Plan of No. 3 coffBr-4lam and ice-breakers. 
Plan and etoratfon of the construction of the 

sealToWng, and the manner of hoisting the 



Line of Mundings,— dam longitudinal sections. 



Dam sections. 

Plan and eleTationof the Pesth sospension bridge. 

Elevation of Nos. 2 and 3 coffer-dams. 

End view of ditto. 

Trsnsverse section of No. 3 ditto. 

Tiansvene section of eoffto-dam, plan of the 

1st course, and Na 3 pier. 
Vertical section of Nos. 2 and 3 piers, shewing 



Vertical cross leeaon of do. 

Front elevation of Nos. 2 and 3 piers. 

End elevation of do. 

Details of chains. 

Do. 

Do. and plan of nut, bolt, and retaining-Unks. 

Plan and elevatkm of ralknr-frsmes. 



Eleration and section of x 



I blocks for rsising 



Do., longitudinal section of fixture pier, shewing 

tunnel for chains. 
Plan and elevaUon of retaining- plates, shewing 

machine for Iwring boles for retidning-bars. 
Betaining link and bar. 
Longitumnal plan and eleration of cast-iron 

bMun with truss coinnms. 
Longitudinal elevation and lection of tmsiing, Ac. 
Plan of pier at level of footpath. 
Detsil of cantQevers for supporting the balconies 

round the towers. 
Elevation and lection of cantilevers. 
Detail of kcv -stone and Hungarian arms. 
Fhmt elevation of toll-houses and wing walls. 
Longitudinal elevation of toll-house, fixtore pier, 

wing wall, and pedestal. 
Vertical section of retaining-pierB. 
Section at end of fixture pier, shewing chain- 



Lamp and pedestal at entrance of bridge. 
Lamp and pedestal at end of vring walls. 
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Separately sold from the above in a volume, prioe half-boimd la morocco £1 12«, 

AN ACCOUNT, with ILLUSTRATIONS, of the SUSPENSION 
BRIDGE ACROSS THE RIVER DANUBE. By William Tibrnby Clark. 
C.E., F.R S. W ith Forty EDgravitigB« 

55 

BRIDGE. — A large magnificent plate, 3 feet 6 inches by 2 feet, on a 
scale of 25 feet to an inch, of LONDON BRIDGE ; containing plan an<f eleva- 
tion of this great national work, with the very interesting reference of dimensions, 
materials, time, and cost; engraved in the best style, and elaborately finished 
by J. W. LowBY, from original drawings and admeatforementa. Constructed by 
Sir John Renmu, C.E., F.R.S.— Price £1 1«. 

56 

BRIDGE. — Plan and elevation, on a scale of 10 feet to an inch, of 
STAINES BRIDGE; a fine engraving by J. H. Lb Kbux, made from the 
original drawings and admeasurements, with permiseion of Geobob Rbnnib, Esq., 
F.R.S., the Engineer.— Price lOt. 

57 

PAPERS ON CIVIL ENGINEERING, collected and published by Mr. Wbalb. 
In 6 Toll, medium 4to. with nameroas elabontelj engraved Plates.— Price iS7 7<. 

PAPERS ON ENGINEERING, comprising useful papers on 
civil and mechanical engineering, and the biography of some Engineers, 
among which will be found memoirs of James Brindley, William Chapman, 
Samuel Clegg, and William Jessop ; — papers on atmospheric and other 
railways, on steam engines, locomotive engines, and Cornish pimiping engines; 
on dredging machin^es ; on docks, harbours, jetties, piers, breakwaters, and 
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havens of safety ; progress of the Thacmes tunnel, accidents, remedies, &c. ; 
endneering of the United States and Holland ; iron roof to the new Houses 
- of Parliament ; on the manufiicture of bricks and tUes ; on slate quarries ; 
on suspension and other bridges; on inventions and patents; oft water-wheels 
and supply of water, and on hydraulics ; on drainage, &c., &c. 

The Work complete in 6 volumes elegantly half-bound in red morocco, 
price £8 18*. 6</. 

*,* But rery few oomidete copies of thia work now remain cm hand; a large portion of tlie atoek 
haviiw been dei trojed 1^ flie at tl&e warehowe of » Bookbinder, wlio had the care of it lor 

*^* A few Cc^ies of the following volumes may be had separately : 

Vol. 1. (or Parts L and H. of the work), in boards, price I85., or 24«. in half- 
morocco, containing 
Memoir of James Brindley, with portrait. 

r— William Chapman, with portrait. 

On dredging machinery, with elaborate plates. 

Engines of the Knssian steam frigate of war Kamtehatka, with plates. 

GiU's improvements of the steam engine. 

Simms on the setting out the widths of ground required for the works of a 

railway or canal. 
Memoir of William Jessop, with portrait. 
Captaio Vetch's advantages of employing a frame-work of malleable iron in 

the eonstruction of jetties and breakwaters, with plates. 

Vol. VI. (or Parts XL and XH. of the work), price £1 11«. M. in boards ; 
£1 168. in half-morocco, containing 
MaUet's principles and practice of the application of water-power — Report on 
tiie Dodder reservoirs — Description of the Bann Beservoirs. — Very important 



Gouin and Le Chatelier's experiments on locomotive engines, with plates. 
General Sir S. Bentham's first introduction of steam engines into naval 

arsenals. 
mode of forming foundations under water and on 

bad ground. 

• on the improvement of the River Medway and of 



the Port and Arsenal of Chatham. 

- on the Improvement of Portsmouth Harbour. 



Pole's analytical investigation of the action of the Cornish pumping-engine. 
On water-wheels, by Wm. Fairbaim, C.E. 

68 

JONES'S (SIR JOHN) JOURNAL OF THE SIEGES carried 
on by the Army under the Duke of Wellington in Spam, between the years 
1811 and 1814, with ah accoutit of the Lines of Torres Vedras. By Major-Gen. 
Sir John T. Jones, Bart , K.C.B. Third edition, enlarged and edited by 
Brigadier-General Habbt D. Jones, R.E. In 3 vols. 8vo., with twenty-six 
elaborate plates, cloth boards, price £2 2«. 



HUMFREY'S (Lieut-CoL) ESSAY on the MODERN SYSTEM 
of FORTIFICATION adopted on the Rhine and Danube, and followed in all 
the works constructed since the Peace of 1815 in Germany. A Memoir on 
the Fortress of Coblentz, and accompanied by plans and sections of the works 
of that place. In 1 vol. royal 8vo., price 7«. 6cf. in boards. 
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JOHN WEALE'S 



eo 

THE AIDE-MEMOIRE TO THE MILITARY SCIENCES, 
Framed fimn Contriintioiia (rf Offiows of the diSiBrent Servioei, and edited hy • 
Committee of the Cwjis of Boyal Engineen. The woilc is now completed, 
and aold in S T«da. in extra cloth boards, and lettered, price £4 10*. ; or in S 
parts, at dtefollowing Prices : 



, 


£ «. d. 


rt I. A. to D., NSW EDITION 


. 14 


n. D to F. 


. 16 


m. F. to M. 


. 16 


IV. M to P. 


. 14 


V. P.loR. . . 


. 16 


VI. R. to Z. 


.10 



4 16 
The aabjects amply and practically treated of are as foUowB : 

PART A. B. 0. 

SKETCH OF THE SCIENCE AND ART OF WAR. 






Anti-CorrorioB. 
ArtiU«f7. 

Attack of Fortresset and Fotti. 
Appendix— Anaalt. 



BanioMle. 



Bnttenr. 

BUndage. 

Block. 

Bkxdcade, HUiteiy. 



Boat 



Bomterdment. 



Bridge, Fldd. 



-Boat 
• Bbpe. 

- Boat and Bope. 
-Cadi. 
-TreaUe. 
-Baft. 

- PUe and Spar. 

- Fljing, Swbg. 

- Ffying, TraiL 

- Beconstmetion oil 

- Field, Demolition of. 



Biidge,lfaaoni7,DeiBolitaoa of. 
BhAlIo. 
Bollock. 
CaUe, Chain. 
-Hemp. 



Campi IntrendMd. 
Gaponi^. 
OhPitan, Field. 
Carviagea(LandftSeaSerTiee.) 



Cbevanx^e-Friae. 
Comlmstian, Spontaneow. 



Compata. 
Contouing. 



Dam, tempotaiT. 
Defonoe of bnildingi i 
lagea. 



Defence of ftvtzeaies. 
DeHanalTe preoantioms. 
Deflsnoe oi ooaata. 



tU- 



Demolition of worka and Iniild- 

inga. 
Demolition of artillery. 
DeprenioB canriaaea. 
Derrick (iheera, 2ec) 
Dialling. 
Diaemtarkatbm and ambark- 



PART D. E. P. 

Diving dreu and apparatua. 



Electridtjr : 

Lightning oomduotor. 

Electrotype. 

Explodon of guipowder. 

Electric telegraph. 
Elephant. 
Emharkation. 
Engineer, miUtary. 

civiL 

Epaulement. 
EprouTCtte. 

Equipment of Artillery. 
Engineer. 



Equipment, Naval. 

— American. 
Mnaket-ball Car- 
tridge. 



Erolntlona of inflmtry. 
— — — artlUeiy. 

— - cavalry. 

Faacine 

Field iketching. 

Fire, vertical. 

preoautiona against. 

^— cart. 

Forage, hoik and weight of. 

Ford. 



PART F. G. H. I. K. L. M. 



Fortiflcation, ileM. 



Fortreisea, field, or places dn 



Forta. detached. 
Fortiflcation, permanent. 
„ „ Coehom's^rotem. 

„ Baation do. 

„ Montalembert'sdo. 

„ Cacnot'i do. 

„ German do. 

„ relative value of. 



Fraiae. 

Pomace, shot. 

Fnae for mines. 

GaMon. 

Galvanism. 

Geognosy and Geology. 

Grenade. 

Guard-hoQse, deftnslhle. 

Goerite. 

Gon cotton. 

Gonner. 

Gonnery. 

Gunpowder. 

Heat. 



Horse. 

Hnrdle. 

Hot. 

Ice. 

Kyaniaing and Bomettising. 

Laborato^. 

Levelling. 

Loophole. 

Machicoolis. 



MancBovrea of cavalry. 
-———>—— horse artillery. 

ManUet. 
Marine artillery. 
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MeteorakKT. 
Mining, muktMry : Put i, 
Fartu. Pncticalopentionf. 
in. Cliarges of mines, 
rr. CoonterordeliBnidTe 

minet. 
▼. Attack and defence 
ofeonntenninet. 
Appendix i; Minet for field 



u. On Inreaching 

experimenU. 
III. OnTentilation. 



PART M. N. O. P. 

Monntain artUleiy. 
Moontain tiarometer. 
Mole for burden. 
Musket. 

Mttiketrj Are and piaotiee. 
Obflervatory, attronomieal : — 
PartL 
Partn. Clironaiiieters, ^. 
m. Portable oteenrato. 

ries. 
XV. Aftronomical instm- 



Appendix :-~0n tbe books 



Obtenratory, magnetical. 



Ordnance, British. 
^— — — constnietion of. 
Part I. Casting of iron ord. 
nance, 
lu Brass do. 
ni. Macblnerr, Wool- 
wich. 
Ordnance Department. 
Oren, field. 

permanent. 

Pah. 
Palanqne. 



Palaeontolonr. 
Palisade.— Parapet. 
PMsage of rirers. 
Penetration of prqjeetiles. 
Petard. 
Planting trees. 
Point-blank. 
Pontoon. 
Position, miUtary. 



PART P. Q. R. 

Parti. Military operations, 
and the conitmotion 
of temponurr bridges. 
Position, retrenched. 
Prisons, military: disdpline 

and management. 
Pyrotechnj, military. 
Quarry. 
Quartering of troops. 



Roads: 

Part u. Maintenance of Mac- 
adamized roads. 
Rocket artillery. 
Sanitary precautions : 

X. Feyer as an army disease. 

u. Cholera. 
Sap. 
Shrapnell shells, or spherical 

case. 
Shot garln^ffdf. 
Siege operations in India. 

inegolar. 

and engineer equipment. 

Sod-work. 

Staff. 

Statistics. 

Steam engine. 

— — — looomotiTe: 

I. On the consumption of 



ftiel and the eTaporation 
of water, 
n. Resistances to Railway 

Trains, 
xn. Qualifications of Engine 

DriTcrs and Fire-men. 
XV. Description of the Lobd 
or THB IsLis and the 
LiVBBPoOL locomotive en- 
glnes. 
V. The Locomotive Engine 
BoUer. 
Stockade. 
Street fighting. 
Bnrvqring: 
Trigonometrical survey. 
Ordnance survey of Great 
Britain and Ireland. 
Swimming. 
Tactics of three amis. 
Tambour. 



Part II. Pemanent bridges. 

III. Ditto. 
Pendulum. 
Railway. 
Reconnoitring. 
Rep<nrts, military. 
River and inland navigation. 
Roads: 
Part I. Tracing and construc- 
tion. 



PART R. S.T.V. W. Z. 



Telegraph, field. 

— universaL 
T6te de pont. 
Trous de loup. 
Voltaic electricity; 
I. Invention of the electric 

telegraph, 
u. Transmission of electri- 
city to a distant place, 
xn. Patents granted prior to 

the year 1838. 
XV. Various telegraphs in use 

in England. 
The submarine telegraph. 
Water meadows, or irrigation i 
X. Historical sketch, 
u. Machines for raising water. 
Water supply. 
Water-wheels. 
Weather. 
Wells. 
Zig-«g. 



Index, and List op Gontbibutobs. 
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PAPERS on SUBJECTS CONNECTED with the DUTIES 
OF THE CORPS OF ROYAL ENGINEERS. Vol. 1. In 4to., 2nd edition, 
with plates and wood-cuts, extra cloth boards, price 16«. 

VOLUME II. 
In 4to., 2nd edition, with plates and wood-cuts, extra cloth boards, price £1 6s, 

VOLUME III. 
In 4to., with several plates and wood-cuts, extra cloth boards, price £1 5t. 

VOLUME IV. 
In 4to., with 80 plates and numerous wood-cuts, extra cloth boards, price £1 8«. 

VOLUME V. 

In 4to., 60 plates and numerous wood- cuts, extra cloth boards, price £1 16^. 

VOLUME VL 

In 4to., with 62 elaborate and fine plates, and 30 wood-cuts, extra cloth boards, 

price £1 16<. 
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YOLUMB Til. 

Id 4to , with plates and wood-cuU, extra doth boardi, price £1 lOf. 

YOLUMB YIII. 
In 4to., with plates and wood-cuts, extra cloth boards, price £1 10«. 

YOLUMB IX. 
In 4to., with plates and wood-cuts, extra cloth boards, price £1 16^. 

YOLUMB X« 
In 4to., with 85 plates and iliustratiye wood-cuts, extra cloth boards, 

price £1 10«. 

The complete work in 10 toIs., 4to., containing upwards of 500 illustrations, in 
extra doth boards, price £14 I2t. 



In 8to., plates, doth boards, price, 7«. 6<l. 

THE CONSERVATION AND IMPROVEMENT OP TIDAL 

RIVERS, considered principally with reference to their Tidal and Fluvial 
Powers. By Edwabd Killwick Galteb, R.N., Admiralty Surveyor. 



HARBOURS, DOCKS, AND COAST ENGINEERING. 

63 
COMPLETION OF SIR JOHN RENNIE'S WORK ON 
THE THEORY, FORMATION, AND CONSTRUCTION OF BRITISH 
AND FOREIGN HARBOURS, DOCKS, AND NAVAL ARSENALS. 



This great work may now be had eomplete, Twenty Parts and Supplement, 
price £16. Bound in very neat half morocco, gilt tops, price £lo. It is 
handsomely printed in columbler folio, and illustrated with onb hundrbd jmd 
TWSNTT-THBBB BTOHAViNOS, comprislDg plsns and details of every description 
of (he most celebrated Bbitish and Fobbion Dooxs, Habboubs, and Naval 
Absknalb or Dooktabds, fix)m the earliest period to the present time, including 
all recent improvements, which cannot fSul to command tne attention of every 
Maritime Nation, and more particularly that of Great Britain, 

The leading characteristics of this publication, derived from a larsre collection 
of documents inherited by the Author from his father, the late Mr. Rennie,. 
in addition to many others resulting from his own extensive professional 
experience both at home and abroad, and contributions from the most dis- 
tinsuished British and Foreign Engineers, and in all cases from the most 
au&entic and hitherto inaccessible sources of information, will be best expliuned 
by the following extracts from the Pre&ce. 

** Of the impoftanee of the suhjeet there can be no doabt, for we find firom the eerUett ngeB, 
that the natioiii holding the command of the sea were general^ the most powerftil, and studied 
with the greatest care the art of preaenrtng and improymg their Harbours. As am example we 
may mention the Phoenicians, who, from merely possessing a narrow strip of barren land along 
the coast of Syria, became the most wealthy and the greatest of nations, and were only subdued 
after a long- continued and desperate struggle t^ Alexander, who was compelled to bring the 
whole power of the East, or it may be said of the world, to Tanquish them. Again, the Greeks, 
by their command of the sea, maintained their independence with a mere handful of men against 
the millions of Xerxes. Again, the Carthaginians made head against and almost conquered the 
migbty Romans, who only recoyered their ascendancy, and ultimately overwhelmed their formi- 
dable adversary, by acquiring the command of the ocean; and although the Romans were 
naturally averse to the sea and the pursuits of commerce, yet, feeling that the very preservation 
of their empire depended upon their maritime superiority, they devoted the greatest care and 
attention to the perfection of their FleeU and Harbours, as the magnificent remains I sball have 
occasion to mention, in Italy and other places, alibrd ample testimony. These works evidently 
prove that the Ancients had made considerable progress both in the theosy and practice of 
Marine Architecture. 

" I have endeavoured to select a series of examples from almost every country, Arom the earliest 
dawn of civilisation to the present time. Each example is complete in itseU; and is accompanied 
by a statement of the geological and geographical features of the coast where it Is situated— the 
winds— the tides— the currenU— the soundings— the nature and formation of the rocks by which 
it is surrounded— the state of the place before any works were executed— the historv of the 
various works executed from time to time — ^tbe effect of them ;— and where they have failed, the 
causes of fidlure are explained, and, as far as circumstances will permit, the remedy best adapted 
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to the nature of the case Is pointed out : bj this means we obtain the results of ezperleneet 
which b the most satislketory of all prooA. We have the record of facts to guide us, and by know- 
ing the causes which have produced certain effects, we can applj them to other sfanilar eases, 
and thus, if we cannot restore things to their original state, we can stop and preTcnt the evil 
flmnproeeedingfttrther; and, in order to derlTO the greatest advantage from each example, 
conclusions and general principals are deduced in conformity with them. 

** The same plan is porsui>d as regards the particular kind of workmanship and materials best 
adapted to each example, whether of wood, stone, or iron, and the mode of carrying It Into efll^, 
not admitting at the same time the Important Item of cost ; aiid as far as space will allow, original 
documents, reports, and opinions are given, so that the reader will l«e able to draw his own con- 
clusions and form his opinion accordingly. 1 have also endeavoorad to institute an examination 
and comparison between the variotis examples under the different beads of * Design,' * Ckmstnic- 




and investigation of the respective local circumstances.'' 

With this brief explanation of the plan and object of the Work, it is now 
submitted to the notice of the British and Foreign Oovemments, to Professional 
Engineers, and others of all nations who feel interested in the perfect construc- 
tion and maintenance of Docks and Harbours,— so indispensaole in the forma- 
tion and equipment of naval armaments for the protection of trade and commerce 
with eyery portion of the civilized world, and invaluable as asylums for 
mariners. 

It is also submitted to the special notice of the members of those corporate 
or other bodies upon whom may devolve the conservation and hnprovement of 
Harbours, Docks, or Rivers, as a worthy and valuable addition to the records 
by which they are enabled, either by Charter or by Act of Parliament, to 
exercise the rights and privileges so conferred upon them. 

LIST OF PLATES. 



Poftrait of flie Author. 

Cherbourg Breakwater, general plan. 

Ditto, transverse sections of original design. 

Ditto, details of lines. 

Ditto. 

Ditto, plan and sections. 

Sheemess Dockyard, view looking up the Med- 

way. 
Plan of the old and new Dockyards. 
Sheemess Dockyard, view of Northern portion. 
Ditto, details of the Docks, Basins, and Walls, 

of the Northern portion of the new Dock- 



yard. 
Ditto, p] 



Mtto, plan and sections of one of the great 
Dry Docks. 

Sheemess, details of the great Dock-gates. 

Ditto, section of the great pumping-^ngine. 

Ditto, view of the North portion of the new 
Dockyard, in progress. 

Ditto, cross section of the Pumping-engine. 

Ditto, plan of ditto, and Cement-Mill. 

Ditto, Bfasting-Sheers, Building-Slip, and great 
Entrance. 

Ditto, Mast-House and Locks. 

Ditto, plans and sections, Sea Walls, and Cof- 
fer-Dams. 

Ditto, view of the great Basin and Entrance. 

Ditto, plan and sections of the Storehouses. 

Ditto, ditto of the Saw-Pits. 

Ditto, Machine for grooving Piles. 

Ditto, ditto, plan. 

Sheemess, Tide-Guage. 

Ditto, plan of new Dockyard, and Mouth of 
Thames. 

Chathun Dockyard and Dry Dock, with pro- 
posed improvements. 

Northfleet Docks, proposed. 

Portsmouth, plan of Dockyard and Harbour. 

Ditto, details of Boiler Manuflustonr and Basin 
Walls. 

Woolwich and Deptford Dockyards, with de- 
tails. 

Plymouth and Devcmport, general view. 

Plymouth Sound, chart. 

Plan of Dockyard and Keyham Steam-Vessel 
Establishment. 

Devonport and Pembroke Dockyards, with 
details. 



View of the Royal William Victualling EsUb- 
lishment, Plymouth. 

Plan of ditto. 

Milford Haven and Cork Harbour, charts. 

Plan of Ramsgate Harbour. 

Ditto, details of ditto. 

Ditto, ditto, and Moreton's Repairing-SUp. 

IHtto Engine-house and Workshops. 

Ditto Pier-head and new Light-house. 

Dover Harbour, Ancient Plans of. 

Ditto ditto in 1520 and 1844. 

Ditto, with proposed Harbour of Refoge. 

Newhaven, Shoreham, and Rye Harbours. 

Great Grimsby Docks and Harbour. 

Hull and Bridlington Harbours. 

Scarborough Harbour. 

Ditto Piers, elevations, and sections, and Whit- 
by Harbour. 

Hartlepool Harbour, general plan and views. 

Ditto, Ancient Harbour and sections of Walls. 

Ditto, details of Ancient Harbour. 

Ditto, plan of new Docks and Harbour. 

Ditto, enlarged plan of new Docks, Tide, and 
Outer Harbours. 

Ditto, CroBi.waIl, Sluices, and Entrance to great 
Sconrinff Reservoir. 

Ditto, sectton of Locks and Sluices in the Cross 
Embankment between the Reservoir and 
Tidal Harbour. 

Ditto, plan of part of ditto. 

Ditto, plans and sections of one of the Scouring 
Sluices. 

Ditto, Locks, and Rami^te Harbour. 

Ditto, sections of Dock, Walls, and Tide Har- 
bour. 

Ditto, Turning Bridge. 

Ditto, section of Locks. 

Ditto, Dock Gates. 

Ditto, ditto Entrance to Scouring Reservoir. 

Sunderland Harbour, general plan. 

Ditto, details of Pier, Ac, 

Ditto, Driving Piles, and Dredging with Steam 
Engine. 

Month of the River Tyne and proposed Her. 

Berwick Harbour. 

Leith Harbour. 

Ditto, Wooden Pier and Martello Tower. 

Ditto, Locks and Dry Docks. 
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lidth Harbour, WarehoiuM. 

BeU Sock Light-hooM. 

I>oaf iM Harbour, with propoted improyemento. 

Aberdeen Harbour and details. 

Peterhead and Fraserburgh Harbours. 

Azdrossan and Greenock, and Glasgow Docks 

and Harbour. 
Port Patrick Harbour. 
Dona^iadee Harbour. 

BeUhst Town, Harbour, and proposed Docks. 
CarrickliBrgus Harbour, with proposed improye- 



Dublin Baj and Harbour. 

Kingstown Harbour and details. 

Howth Harbour ditto. 

HolThead Old Harbour. 

WhItehaTen Harbour. 

Harbours of the Dee and Mersey, and Birken- 
head. 

lirerpool Docks and Harbour. 

Holyhead and Portland New Harbours. 

Yarmouth, Harwich, and Lowestoft Harbours. 

Ftrth of Taj and Dundee Docks. 

Bute Docks at Cardiff and Bristol and Leghorn 
Harbour. 

Delaware Bay and Breakwater. 

Ponte Delgada proposed New Harbour. 



Venice Harbour in the Middle Ages. 

Ditto ditto at present. 

Ditto, details of the Muraui or Sea Break- 
waters. 

Anoona, Tarentum, Brindiai, Antium, and 
Malaga Harbours. 

Myndus, Stanchio, ^gina, and Halicamassus 
Harbours. 

Athens, Port Pirans, Chios, and Isene. 

Carthage, Tunis, Sidon, and Tyre. 

Algiers Harbour and details. 

Messina and Syracuse Harbours. 

Palermo and Girgenti. 

Naples. 

Genoa and Ciyita Veochia. 

Marseilles and Toulon. 

HaTre, Dieppe, and Boulogne. 

Cadiz. 

Ferrol and Corunna. 

Brest. 

Dunkirk and Calais. 

Lynn, Wisbeach, Spalding, and Boston. 

Carlscrona and Copenhaj^. 

Port of London. 

Ostia, Modem and Ancient, with Carthi^na, 
and details of New Harbour at Marseilles. 

Ostia, Ancient, and Arsenal of Venice. 



\* A few sets of the Plates are printed on India paper, and may be had at an 

increased price. 
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In 1 vol. 4to., with fifty engiavings, half-bound in morocco, price £1 16«. 

THE PRACTICAL RAILWAY ENGINEER: Examples of 

the mechanical and engineering operations and structures combined in tlie 
making of a railway. By G. D. Dbmpset, C.E. 

CoMTKHTs :— Curyes, gradients, gauge, and slopes^earthworks, cuttings, embankments, and drains 
— retaining walls, bridges, tunn^, A/c. — ^permanent way and construction— stations and their fittings. 

Afi. Ac. d». 

66 

RAILWAYS ON THE RHINE (The Baden): all the mechan- 
ical oonstmctionB, in fifty plates, large oblong atlas folio ; very well executed 
plates, and of recent very good examples, price in boards £1 5«. 

66 

In royal 8to., 28 plates, extra cloth boards, price 12t. 

ENSAMPLES OF RAILWAY MAKING; which, although not 

of English practice, are submitted, with practical illustrations, to Civil Engi- 
neers, and to the British and Irish Public : paiiicularly as examples of Timfi$r 
construction for Bridges, Viaducts, &c. 

67 
A PRACTICAL TREATISE ON LOCOMOTIVE ENGINES 

UPON RAILWAYS : the construction, the mode of acting, and the effect of 
engines in conveying heavy loads ; the means of ascertaining, on a general 
inspection of the machine, the velocity with which it will draw a given load, 
and the results it will produce under various circumstances and m different 
localities ; the proportions which ought to be adopted in the constmction of an 
engine, to make it answer any intended purpose ; the quantity of fuel and water 
required, &c. ; with practical Tables and an Appendix, showing the expense of 
convepng goods by means of locomotives on railroads. By OoiiTE F. M. G. 
DE Pamboub. In 8vo., extra cloth boards, with plates, a second edition, price 18s, 
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EXPERIMENTAL RESEARCHES UPON THE LOCOMO- 
TIVE ENGINE, recently made by MM. Gouin and Chatelieb on the Versailles 
and Paris Railway. Translated by R. Lloyd, C.E. In 4to., with engravings, 
price 7«. M, 



ATMOSPHERIC RAILWAYS. 



REPORT ON THE ATMOSPHERIC RAILWAY SYSTEM. 

By RoBEBT Stephenson, Esq., M.P. In 4to., with 27 tabular engraved plates, 
price 7«. 

70 

ATMOSPHERIC RAILWAYS.— Three Reports on improved 

methods of constructing and working. By R. Mallet, C. E., Dublin. In 4to., 
with 10 plates, price 7«. 6rf. 

71 

ATMOSPHERIC SYSTEM— M. Arago's Report on the, and 

on the proposed Atmospheric Railway at Paris, 7} miles long. In 4to., price 

72 
SIMMS (F. W.) ON LEVELLING.— A TREATISE ON THE 

PRINCIPLES AND PRACTICE OF LEVELLING, shewing its application 
to purposes of Civil Engineering, particularly in the Construction of Roads ; with 
Mr. Tblfobd's Rules for the same. In 8vo., third and much improved edition, 
with plates, price 7«. Qd, 

73 

12mo., with illustrations^ extra cloth hoards, and lettered, price Zs. Qd, 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 

AND DRAWING INSTRUMENTS, employed hy the Engineer, Architect^ 
and Surveyor ; with a description of the Theodolite, together with Instructions 
in Field Works. By F. W. Simms, C. E. 

74 

A COMPLETE AND MOST IMPROVED SYSTEM OF SET- 
TING OUT RAILWAY CURVES; comprising at once brevity, simplicity, 
and accuracy. By Geoboe Heald, C. E. In 4to., with wood-cuts, second 
edition, revised and improved, price Ss, M. 

75 
A NEW METHOD of SETTING OUT RAILWAY CURVES. 

By Robert Chablbs Mat, C. E. In 12mo., price 2s. 6^. 

76 
RULES FOR RANGING RAILWAY CURVES with the 

Theodolite, and without Tables. By R. Bbodie, C. E. In 4to., price 2«. Qd, 

77 
HART (J.) ON OBLIQUE BRIDGES.— A PRACTICAL 

TREATISE ON THE CONSTRUCTION OF OBLIQUE ARCHES. By 
JoBN Habt. In imperial 8vo., third edition, with additions. 11 plates, extra 
cloth hoards, price 8^. 
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78 
BUCK'S (G. W.) PRACTICAL & THEORETICAL ESSAY 

ON OBLIQUE BBUKJES. In 4to., with 12 Urge folding plates, extra cloth 
boards, price 14(. 

79 

BARLOW'S rW. H., 0. E.) DESCRIPTION OF DL/^GRAMS, 

VOH FACIUTATINO THE 6>NSTBUCTION OF OBLIQUE BRIDOES. 
In 4to., with a large plate, price 3«. Od. 



PUBLIC WORKS. 
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168 plates, half-bound in morocco, very neat, price £4 it. 

PUBLIC WORKS OF GREAT BRITAIN; consisting of Raa- 

ways, Bails, Chairs, Blocks, Cuttings, Embankments, Tunnels, Oblique Arches, 
Viaducts, Bridges, Stations, Locomotiye Engines, &c. ; Cast Iron Bridges, Iron 
and Oas Worlra, Canals, Lock-Gates, Centering, Masonry and Brickwork for 
Canal Tunnels; Canal Boats; the London and Liverpool Docks, plans and 
dimensions, Dock-Gates, Walls, Quays, and their Masonry ; Mooring-Chains ; 
Plan of the Harbour and Port of London, and other important engineering 
works, with descriptions and spedficaticms : the whole rendered of the utmost 
utility to the Civil Engineer and to the student, and as examples to the foreign 
engineer. 

This work is in an imperial folio size, the drawings and engravings have been 
executed by eminent artists, and no expense has been spared in rendering it 
highly essential for practical use ; also, as an ornamental volume of impoitant 
engineering works in several parts of the kingdom. There are some plates in 
the volume that may be preferred in colours, viz. — the elaborate subject of the 
Blisworth Cuttings on the Birmingham Line, 18 plates geologically coloured ; 
Glat^w and Gaimkirk Bailway Catting through Moss. 
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PUBLIC WORKS of the UNITED STATES of AMERICA. 

In two parts, imperial folio, comprising the following important works: — 

CONTENTS OF PLATES. 

25. Plftn of a dam, Saadj and Beaver canal: 

plan of abutment, cnm section, gxaveUing, 

AC. 
26 and 27. Plan, eleration, and croas eection of 

a lift lock, Sandj and BeaTer caaaL 
28. Gate, front view ; front view of iUling gate, 

mitre gill, section, Ac. 
29, 90. Eastern diTision, and Sandj and Bearer 

canal, Ohio, flront view; fonndation plan, 

end view, A». of abutment. 
31, 32. Plan of the Tye riyer dam across James 

river and Kanawha canal. 

33. Lock on ditto; plan of S-ftet lift, and sec- 
tions. 

34, 30. Plan of a wooden lock of 84iMt lift, 
sereral sections. 

36, 37. Plan of Ravenna aqueduct, in elevations 
and sections ; horizontal section at surfiace 
of water, plan of pier abutment and wing- 
walls, ^. 

38. Farm bridge, James river and Kanawha 
* elevation, plan, longitudinal and 



1 to 13. The Philadelphia gas-works: com- 
prising elevations of buildings, roof; details, 
ftimaces, retorts, sections of; gasometers, 
tanks; hjdraulic main-pipes, Ac*i gas 
meters, washers, Ac 

14. Elevation, section, and plan of the reser- 
voir dam across Swatara, Pennsylvania, 
erected by the Unkm Canal Go. 

15. Elevation, section, chamber, and plan of the 
outlet locks on the Schuylkil canal at Ply- 
mouth, Pennsylvania. 

16. Loek-gates and details of ditto. 

17. Txian^ilation of the entrance into the Bay 
of Delaware, exhiUting the ezact^ poeitiim 
of the capes and shoals, wi^ reference to 
the rite of the breakwater. 

18. Map of the Delaware breakwater, with the 
detailed topography of Cape Henlopen, and 
section of breakwater. 

19. Map of the Philadelphia water-works. 

20. Ground plan of the northern half of ditto. 

21. Dam, end view of water-wheel, Afi- 

22. Dam, sections of; pier, &o. 

23. Views, sections, Ac of force pumps. 

24. Improved stop-cock, reducing pipe, circular 
pipe, double and single branch pipe, bevel 
hub pipe, Ao. 



39, 40. Aqueduct over Byrd Creek, on the same 
canal ; elevation, abutment of wings, hori- 
sontal section at surfisoe of water, trans- 
verse section, Ac- 



The plates are engraved in the best style of art by the Le Keuxs, from ela- 
borate drawings made expressly for the work. Care has been taken that each 
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subject contains every dimension necessary to shew proportion and parts of con- 
struction. 

Price £2 ; and in an 8vo. vol., price 6«. (sold together £2 6«.) 

REPORTS, SPECIFICATIONS, AND ESTIMATES OF PUBLIC WORKS 
OF THE UNITED STATES OF AMERICA; explanatory of the atlas folio 
of detailed engravings, elucidating practically these impoitant engineering works. 

82 
BUCHANAN'S PRACTICAL ESSAYS ON MILL-WORK 

AND OTHER MACHINERY ; with Examples of Tools of modem invention : 
ftrst published by Robest Buchanan, M. E. ; afterwMxIs improved and edited 
by Thomas Tbbdoold, C.E. ; and now re-edited, with the improvements of 
the present age, by Gbobgs Rknnib, F.R.S., C.E., &c. &c 

The whole forming 70 fine plates, the most part engraved by Lowbt and LbKedx, 

and 103 wocKl-cnts. 

The text in 1 large vol. 8vo., And the plates, upwards of 70 in number, in an atlas 

folio volume, very neatly half-bound m morocco, price £2 lOii. 

83 
BUCHANAN, SUPPLEMENT.— PRACTICAL EXAMPLES 

ON MODERN TOOLS AND MACHINES ; a supplementary volume to Mr. 
Rbnniv's edition of Buchanan * On Mill-Work and other Machinery,' by Tbbd- 
oold. The work couAists of 18 plates, elaborately drawn and engraved, of the 
machinery of Messrs. Maclea and March, Leeds; Messrs. Whitworth & Co., 
Manchester; and Messrs. Carmichael, of Dundee. 

Text in royal 8vo., and plates in imperial folio, price 18«. 



CARPENTRY AND BUILDING. 

84 
Now complete in 2 vols. 4to., with 190 plates, price £2 16«. in cloth boards, lettered. 

CARPENTRY : a comprehensive and useful work for Carpenters, 

Builders, Workmen, and Students in Architecture. 

Vol. I. comprises the purely elementary — a book of lines; — geometry ;— prac- 
ticalrnles on the art of drawing for the operative builder and young student in 
architecture ; — ^rules for drawing buildings ; — principles and practice of colouring, 
and putting in effects for architectural drawing, &c. 

Vol. II. consists of subjects of practical utility and of recent de«gn and con- 
struction in the Classic and Italian styles;— plans, elevations, and details of club- 
houses, taverns, shop-fronts, verandahs, &c. ; ancient timber c(»)Btructions, open 
roofs, &c. 

Elementarj and pncticftl geometij, or book of lines for a carpenter's guide . . 60 
Drawings tot the operatiTe builder and yonng student in arohlteotare . . .14 
1 hand-rails, J ■ 



d-rails, Ae. Ac 43 

Details of the ooostmotion of the wooden oolnmns in the New Hall, King's Ck>llege, 

Cambridge 2 

Plan and efeyation of Athenmim Club-Honse 1 

Plans, deration, and details of Arthur's Glub-Honse 3 

Elevations and details of Terandahs, principally of examples from Brighton . . 26 

Girard's College fiur Orphans, plans, elevations, and sections ..... 6 

Plans, eleratioos, and sections in oonstraetire art 2 

The Temple of Jenisalem, the type of Oredan Architecture, plans, sections, and ele- 

▼aticms 2 

Joiners' work (examples of), elevations, sections, details, and plans of doors, Ac. 6 

Details of the roofb of the Charter-House and Clerkenwell church .... 2 
Shop Fronts, elevations, plans, and details : 

Ladies' shoe-maker's. Mount Street, Grosvenor Square .... 2 

Dyer's, Eliaabeth Street, Chester Square 2 

Umbrella and cane shop, Regent Street 2 

Tailor and draper's. Regent Street 2 

Elizabethan terminations of shop fronts and consoles .... 1 

Details of Joinery and carpentry in Windsor Castle, in plan, elevation, Ac. . . 6 
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J«iBCi7 »^ tturpentiy of the Duke of Sutherland's MaiuioD at LiUethftU . 

PImm and eleratton of the Percj Amu, LloTd's Square, PentoiiTille .... 

ElevatkMi of roof at Exeter Hall, and other rooft 

raneUiBg-^Interior of the Star Chamber, Weadnioster 

fSccleilaatical wood-work : 

Roof of the nare, St. Mary, WeatooMjland, Someraetshbe 

Roof in LaTenham church, Snflhlh 

Roof in Beresford church, Oxfordahire 

Roof in Wantage church, Berkf hire 

Nare roof, St. MaxT'f, Bux7 St. Edmund's [190] 

The preceding works may be had in separate forma for the oonvenience of pur- 
chaaen, each having a distinctive title. 



Vol. I.— Elementary part, comp 
Nicholson's Caipenters* New Guide : a book of lines considerably improved, 
with additions to the present time, and containing an Introduction to Practical 
Mathematics and Mensuration, together with practical roles on drawing, for the 
operative builder and young student in architecture. 74 engravings, cloth 
boards, price £1 4«. 

Vol. IL— Complete, Practical : 
Staircases— details of the construction of wooden oolunms — plans and elevations 
of club-houses — twenty-six illustrations of verandahs — ^practical illustrations of 
architecture — proofs and ecclesiastical wood-work— joinery of Windsor GasUe, and 
at Lilleshall, Salop— shop fronts, &c. 116 plates with text, cloth boards, price 
£1 12s. 
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HINTS TO YOUNG ARCHTTECTS: comprising Advice to 

those who, while yet at school, are destined to the profession ; to such as, 
having passed their pupilage, are about to travel; and to those who, having 
completed their education, are about to practise : together with a Model Speci- 
fication ; involving a great variety of instructive and suggestive matter, calcu- 
lated to facilitate their practical operations ; and to direct them in their conduct 
as the responsible agents of their employers, and as the rightful judges of a 
contractor s duty. By George Wiohtwiok, Architect. 



Preliminaiy Hhita to Tonng Architects on the 

Knowledge of Drawing. 
On Serring his Time. 
On TraTeuing. 
His Plate on the Door. 
Orders, Plan-drawing. 
On Us Taste, study of Interiors. 
Interior Arrangements. 
Warming and Ventilating. 
House Building, Stahling. 
Cottages and VWaa. 
Model Spedfleatlon :— 

General Glanses. 

Fonndatlons. 

Well. 

Artifloial Foondations. 

Brickwork. 

Ruhhle Masonry with Brick Mingled. 



Model Specification:— 

Stone-cutting. 

Grecian or Italian only. 

Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Piaster and Cement Work. 

Carpenters' Work. 

Joiners' Work. 

Iron and Metal Work. 

Plumbers' Work, 

Drainage. 

Well-digging. 

Artificial Leyels, Concrete, Foundations, 
Piling and Planking, Paying, Vaulting, 
Bell-hanging, Plumbing, and Building 
generally. 



Extra cloth boards, price 8s 
86 

TELFORPS (Thos.) WORKS. 

In 1 vol. imperial atlas folio, containing 83 fine plates, and a quarto volume of 
text, wiUi fine portrait, price in boards £5 6«., or half-bound in russia, price £6 6s. 

CONTAINING ALSO, 

THE LIFE OF THOMAS TELFORD, with a descriptive nar- 

rative of his professional labours, edited by John Biokman. 

87 
In 4to., containing a portrait of the late President, Thomas Telford Esq., with 27 
- finely engraved plates, and numerous vignette embellishments of portraits of 
Engineers and their works, price 80s. extra cloth boards. Vol. I. 

TRANSACTIONS OF THE INSTITUTION OF CIVIL EN- 
GINEERS. Vol. II.. with Engravings, price £1 8«. Od. 
Vol. in., „ price £2 12». 6d, 
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88 
WILME'S MANUALS. 

In 4to., price 12«. bound in doth, illustrated with 26 large plates and 17 wood-cute. 

A MANUAL OF WRITING & PRINTING CHARACTERS, 

both ancient and modem. By B. P. Wilmb, C.E., M.B.LA., Sec, 

89 

MAPS AND PLAN& 

In 4to., half-bound, plates plain £1 4«., or coloured, half-bound in morocco, price £2. 

A HAND-BOOK FOR MAPPING, ENGINEERING, AND 

ARCHITECrUKAL DRAWING. By the same. 

coNnnrrs. 

1. Map Details.— North points— borders for plans, Ac.— map-drawing ; shewing erexy prooeis 
from the field-book to the finished map— map engraTing— map writing— derigns for titles — 
designs for trees from nature— hill shading— conyentional signs used in civil, militaiy, and 
naatioal maps — ^railway plans and sections. 

2. Geological diagrams and sections. 

3. Alphabets, andent and modem, with rules and examples of the mode of oonstmctlng them. 

4. Architeetiiral drawing, shewing also the method of colouring dlflterent materials. 

5. Stmcil plates applied to the lettering of maps and plans, with observations as to the more 
extended use for colonring the same. 

6. Flourishing— examples of. 

7. Colours— use of, as pure, compounded into tints, and contrasted. 

8. Instruments— nukthematical and others, used in map and plan drawing. 

9. Specimen plate of highly finished nwp drawing exemplified in lithbgraph/. 

90 
WROUGHT IRON. 

A TABLE OP THE WEIGHT OF WROUGHT IRON in 

oimces and decimals, accurately constructed to shew the Weight per Lineal 
Foot of Square and Flat Iron to six inches wide, extending to 10^ sizes, and 
advancing by eighths of an inch in each dimension of breadth and thickness. 
Also, the Weight of Bound Iron to six inches diameter, of all the sizes usually 
manufactured ; and the Weight of Hoop Iron, for Bond, ibc, up to six inches in 
width, advancing by sixteentios of an inch. 

The whole carefully revised, and arranged in alternate coloured columns, with 
an ornamental border designed expressly for this work ; and forming a Table of 
Reference for the use of Architects, Engineers, Builders, and Contractors for 
Works generally. 

Size of the Table, ^ inches by 19}, price 4«., and on imperial paper 59. 
Proof impressions is. each, or carefaliy packed for the country and for- 
warded carriage free, 2<. extra. A few copies may be had, mounted on cloth, 
to fold into embossed cases, 8vo. size, price 8f. 6dL, or, free by post, 12#. 6c?., and 
will be found available where portabihty is desired. 
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In 1 vol. 8vo., extra cloth, bound, price 9#. 

THE STUDENT'S GUIDE TO THE PRACTICE OF DE- 
SIGNING, MEASURING, AND VALUING ARTIFICERS* WORKS; 
containing directiona for taking Dimensions, abstracting the same, and bringing 
the Quantities into Bill ; with Tables of Constanta, and copious memoranda for 
the YaluaticA of Labour and Materials in the respeotive trades of BrickUyer and 
Slater, Carpenter and Joiner, Sawyer, Stonemason, Plasterer, Smith and Iron- 
monger, Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates and 
Wood-cuts. 

The Measuring, &c., edited by Edwabd Dobson, Architect and Surveyor. 
Second Edition, with the additions on Design by £. Lact Gabbktt, Architect. 

contents. 

PaaunnriftT OasiBTAnom on Disioiiiio I ValiiAtion.(&c.^OniiMMQi1n9— Onrototioii 

AstmcsBs' Works. therein— On abstrMtingquantitist—On^- 

PreUmiaAiT OlwerTfttioiM oa MeMnrement, | Ivatlon— On fhe me of oonttuitt of labour. 
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BBICKLATEB AND SLATER. 
Dmoa OP BBiOKfroBX— teehnioal termi, Ac. 
Foiindatioii*— Archet, inserted and erect- 
Window uidothflr aperture head»— Window 

juabs Plate! and internal cornices — 

String-conrsee— External eomioes— Cliim- 
ney ihafta — On general improrement of 
lirick architecture, eapedallj feneetmtion. 

Of^l^!? work— Of brickwork, of fiMdngs, 

4c. 

Dxttav or Tiuiio, and t<H^ hni «a1 termi. 

MflMnrement of TlUng— Example of the 
mode of keeping the meaiuring-book for 

ABSTBAomo Bricklayen' and Tilert work. 
Example of biU of Bricklayers* and TUers' 

VALUATHdi of Brieklayers* work. Earthwork, 
Concrete, Ac 

TaUe of sixes and wdghts of Tarions articles 
—Tables of the nnmbers of bricks or tiles 
in -varions works— Valuation of Diggers* 
and Brioklajers' Inboar— Table of Con- 
stants ftir said labour. 
EZAMPLU or Valdwo. ^ * ^_, ,. 

1. A yaid of concrete.— 2. A rod of brick, 
work 3. A foot of ikdng.— 4. A yard of 



paTinf .— 6. A square of tiUnf 

HOI, JflASUBIMMT, 



BLATOie. 



AiiDV ALUAnooi or 



CABFENTER AND JOINER. 
Dmbum 09 CABrxHTBT— technical terms, Ac 
Breetsommers, an abase: sabstitates fiv 
them— Joists, trinomers, trimming-joists— 
Girders, their abuse and right n se 8ab- 
stitutes for girders and qnarter-partitiona— 
Qoarter-pamtions— Boof-flraming — Great 
waste in present common modes of roof- 
frandng— To determine the right mode of 
subdividing the weight, and the ru^t num- 
bers of bearers for leaded roofc— The same 
for other roofr— Principle of the truss— 
Conriderations that determine its right 
pitch— Internal filling or tracery of trusses 
—Collar-beam truss^— Connection of the 
parts of trusses— Yariatioos on the truss; 
right limits thereto— To avoid fidladous 
trusring and roof-framing— Delorme's roof- 
ing ; its economy on circular plans— Usefkd 
property of regular polygonal plans — On 
combinations of roofing, hips, and valleys 
—On gutters, their nse and abuse— Man- 
sarde or curb-rooft. 
DxSiGV or JooTBRT— technical terms, Ac 
Modes of finishing and decorating panel-work 
— Design of doors. 
MBAfUBBMBHT of Carpenters' and Joiners' work 
—Abbreviations. 
Modes of measuring Carpenters' work— Clas- 
sification of labour when measured with the 
timber— Classification of labour and nidls 
when measured separately firom the timber. 
EzAMFLBB or Mbabubbmxbt, arch centerings. 
Bracketing to sham entablatures, gutters— 
Sound-bouding, chimney grounds, sham 
plinths— Sham pilasters, floor -boarding, 
mouldings — Docwtsases, doors, doorway 
linings— Dado or surbase, its best construc- 
tion-Sashes and sash-frames (examples of 
measurement)— Shutters, boxing8,and other 
window fitting»— Staircases and their fit- 
tings. 
Abstraotinq Carpenters* and Joiners' work. 
Example of Bill of Carpenters' and Joiners' 
work: 
VALVATioir of Carpenters* and Joiners* work. 
Memoranda. 
Tables of numbers and weights. 
Tablbb or CoBSTAMTs or Labovb. 
Roofs, naked floors— Quarter-partitions, La- 
bour on fir, per foot cube — Example of the 



valuation of deals or battens-Constants of 
labour on deals, per foot supeTficial. 

OoBBTAns or LABOun, and of nails, separately. 
On battening, weather boarding — Bougli 
boarding, deal floors, batten floors. 

Laboub mxo Nails together. 
On grounds, skirtings, gutters, doorw^y- 
linmgft— Doors, Itemed partitions, mould- 
ings— Window-fittings— Shutters, sashea 
and tnxam, staircases -Staircase fittings, 
wall-itringB— Dados, sham colmnns and 
pilasters. 

YALUASioir or Sawtbbb* wobk. 

MASON. 



/■BMW ur DiuMNuwuns wv»»- 

Dr. Robinson on Greek and Gothic Architec- 
ture—Great fUlacy in the Gothic omamen- 
tatlon, which led also to the modern 
** monkey styles *' — ** Restoration " and 
Preservation. 
Mbasukbxbut of Stonemasons* work. 
Example of measuring a spandnl step, three 
methods— AUowanoe for labour not seen in 
finished stone— Abbreviations, Specimen of 
the measuring-book — Stairs, Landinp, 
Steps, Coping— String-courses, Pl™*^ 
Window-sills, Curhe— Columns, Entabla- 
tures, Blockings— Cornices, Renaissance 
Niches. 
Abstbaotimo ahd Vaujatioh. 
Table of weight of stone— Table of Constants 
of LabouK^Example of BiU of Masons' 
work. 

PLASTERER. 
Dbsigh or Plaotbb Wobk in real and mock 
Architecture. 
Ceilings and their uses— Unneoessaiy disease 
and death traced to their misconstruction— 
Sanitary requirements for a right ceiling- 
Conditions to be observed to render do- 
mestic ceilings innoxious— Ditto, for ceil- 
ines of public buildings— Barbarous shifts 
nSiessitated by wrong oeiling— Technical 
terms in Plasterers' work. 
Mbaburbhkht of Plaster-work. 
Abbreviations— Abstracting of Plasterers 
work— Example of BiU of Plasterers' work, 
Taluatioh. _. , _ 

Memoranda of quantities of materials— Con- 
stants of Labour. 

SMITH .AND FOUNDER. 
Oh thb IJsb or Mbtal-wobx nr Abouitboturb. 
Iron not rightly to be used much more now 
than in the middle ages— Substitutes for 
the present extravagant use of iron— Fire- 
proof (and sanitary) oriling and flocving— 
Fire-proof roof-framing in brick and iron 
—Another method, appUcable to hipped 
rooft— A mode of nntruased roof-framing 
in iron only— A principle for iron-trussed 
roofing on any plan or scale^ Another vari- 
ation thereof->On the decoration of me- 
taUic architecture. 
Mbasubbmbht of Smiths' and Founders* work. 

PLUMBER, PAINTER, GLAZIER, Ac. 
DBSioir, Ac or Lbad-wobk. .^^ _. ^ 
MEABUBBKBirr or pAnw-woBK— Abbreviations. 
Specimen of the measuring-book- Abstract 
of Paint-work-^Example of BiU of Paint- 
work. 
Valuation of Paint-work. 
Constants of Labour— Measurement and valu- 
ation of Glabing— Measurement and Talu- 
aUon of PAPBB-HAir'onio. 

APPENDIX ON WARMING. 
Modifications of sanitary construction to suit 
the English open fire — More economic 
modes of warming in public buUdings— 
Ditto, for private ones— Warming by gas. 
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92 
ALPHABETS, MONOGRAMS, OLD ARCHITECTURAL 

ORNAMENT, SACRED ILLUSTRATIONS, BORDERS, collected on the 
Continent and in England. 
In imperial 4to., very neatly half-bound in morocco, with 20 beautifully coloured 
and illuminated plates, price £1 5<. 

93 
ANCIENT DOMESTIC ARCHITECTURE; princpially selected 

from original drawings in the collection of the late Sir William Bumell, Bart. ; 
with observations on the application of ancient architecture to the pictorial com- 
position of modem edifices. 
In 1 vol. imperial 4to., with 20 fine plates, neatly halC-bound in' calf, price £1 5«. 

94 
ANGLICAN CHURCH ORNAMENT, Chart of; wherein are 

fibred the Saints of the English calendar, with their appropriate emblems ; the 
different styles of stained glass ; and various sacred symbols and ornaments used 
in churches. The stained glass in beautiful fac-simile. 

Price 4«. 6rf. in extra style of binding ; in a sheet, St, 6rf. 

95 

By the same Author, uniform with the above, price 4«., or in a Sheet, 3t. 

EXAMPLES OP ANCIENT DOORWAYS & WINDOWS; 

arranged to illustrate the different styles of Gothic Architecture, fh>m the C!on- 

quest to the Beformation. 

It has been the aim of the Author of this little Chart to present such examples 
as may most clearly illustrate the successive changes in style, together with a few 
remarks on the characteristic peculiarities which marked each period. The names 
of the Buildings from which the examples are selected, are in all cases given. 

96 
BUILDING ACT.— The NEW METROPOLITAN BUILDINGS 

ACT, recently passed for the regulation of all kinds of Buildings in and about 
London. Pubhshed under authority, with diagrams, notes, and copious index, 
and arranged for the use of magistrates, the legal profession, arcnitects. sur- 
veyors, bmlders, and land and house proprietors. By David Gibbons, Esq., 
Special Pleader. In a small and convenient volume, half-bound in morocco, 
price Sa. M, 

97 

BUILDING ACT.— PROCEEDINGS UNDER THE METRO- 
POLITAN BUILDINGS ACT : containing a collection of Awards made by 
the Official Referees; the Modifications sanctioned by the Commisioners of 
Works, &c. ; and some account of the Office established under that Act. To 
which are added, Tables of Fees and a list of District Surveyors. In small 8vo., 
uniform with the « Metropolitan Buildings Act," 7 & 8 Vict. cap. 84, price 2«. 6d. 
boards. 

96 

BURT'S (T. T.) REMAINS OF ECCLESLA.STICAL WOOD- 

WORK. 

LIST OF PLATES. 



1. Stalk and book-board in Bridgewatcr 

church. 

2. Seats in WesUmzoyland church, Somerset- 

shire. 

3. Stalls in Wantage church, Berkshire. 

4. Seats in Bishop's Lydeard church, Somer- 

setshire. 

5. Stalls in Swinbrook church, Oxfordshire, 

and Gobham church, Kent. 



6. Seats, Ac., St. Mary's, Bury St. Edmund's. 

7. Stalls in Lavenham church, Suffolk. 

8. Screen on the south side of the chancel, 

Lavenham church. 

9. Screen at the end of the north aisle, Laven- 

ham church. 

10. Screen, Northfleet church, Kent. 

11. Screen in the north aisle, St. Andrew's, 

Brigstock, Northamptonshire. 
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12. 8€iMBiBtlieBoraialde,8t. JohB^Alden- 

hMD, Htttlbrdiliire. 

13. CImoalMneBfSt.FMBr'tiBeikhaaipftflMi, 

Hertfordshire. 

14. Bereeu in LaTenham ehnrch, Snfldk. 

15. Boofr in ditto. 

le. RooAi in Bufftrt ehimh, Oxftrddiire. 



17. SooAi in Waning ehweh, BerkaUre. 
1& Boof of the anTe, St. UMry% Barj 



St. 



19. Ditto, St. ICarr, Weitoaxojlaad. 

20. PnlpHi in BridcewBter cfameik. Bonenet- 

■hlre, and Bwinhnwk dmeh, OzftndaUre. 
31. Onamaatal engrared title-page. 



Id 1 vol. imperiAl 4to.,hAlf-boiind iu moroooo, price £1 1«. 

go 

DESIGNS OP ORNAMENTAL GATES, LODGES, PALI- 

SADU^, AND IBON-WOBK OF THE BOYAL PARKS, with some other 
designs equal in atili^ and taste, intended for those designing and making parks, 
terraces, pleasure-walks, recreative grounds, &c. Principally taken from the 
executed works of Decimus Burton, architect ; John Nash, architect ; Sydney 
Smirke, architect; Sir John Soane, architect; Bohert Stevenson, C. E.; Sir 
John Vanhrugh, architect ; and Sir Christopher Wren, architect. 
In imperial 4to., with 50 fine engravings, and 2 fine wood-cuts of the past and 
present entrances at Hyde Park Comer, drawings oontribnted by baciMus 
BvBTON, Esq. ; half-bound in morocco, price £l 4m, 

100 

RURAL ARCHITBCTURE. 

THE RURAL AND VILLA ARCHITECTURE OP ITALY, 

portraying the several very interesting examples in that countnr, with estimates 
and specmcations for the application of the same detdens in England : selected 
from Dttildings and scenes m the vicinity of Bome and Florence, and arranged 
for Bnral and Domesliic Buildings generally. By Cuaxlmb Paulxb, Archi- 
tect, F. I. B. A., &c. In 1 vol. medium 4to., 72 finely executed plates, {Mice in 
cloth, neat, £1 16«. 

101 

ARCHITECTURA DOMESTICA : a Series of very neat exam- 
ples of interiors and exteriors of residences erected in Hamburgh and 
Its neighbourhood; prindpally in the Italian style, with ornamental plea- 
sure-grounds, verandans, detached oottaeee, &c. &€. In huge 4to., with lU fine 
engravings, price £1 1«. extra cloth boards, or on large paper, proof impressions, 
pnoe £1 11«. ed. 

102 
BARRY, Sir CHARLES, R-A., &c.— STUDIES of MODERN 

ENGLISH ARCHITECTUBE, by W. H. L»«)s ; the TRAVELLERS' CLUB- 
HOUSE, illustrated by engravings of plans, sections, elevations, and details, by 
J. BL Lb Ksux. 

LIST OF 

1. Ground plan ci the traiUUng. 

2. Prindpel plan. 

3. 4. lyoat and 1)ack eleTatianf . 

5. Longitiidiaal Motion throogli A. to B. 

6. Longitudinal lection tbrongh G. to D. 

7. Detallf of the principal front: windows, 

gronnd floor. Motion of eomioe of window* 
head, of onder part of window, of ornament 
in ftring-GOUTM, eleration of coneole, baloe. 
tnde to area Cnmt. 

8. Detallf of Ihe principal front ; Motion of 

principal eomice, elevation of oomice. 

In large 4to., very neat half- morocco, gilt tope, price 18«. 

103 
BRIDGEN'S (B.) INTERIOR DECORATIONS, DETAILS, 

and VIEWS of SEFTON CHURCH, LANCASHIRE; erected by the 
Molineux family (tibe ancestors of the present £Sarl of Sefton), in the eariy ^art 
of the reign of Henry VHI. The plates (34 in number) display the beautifhl 
style of the Tudor age in details, ornaments, sections, and views, etched in a 
masterly style of art. In folio size, price £1 la, boaitls. 



FLATXS. 

plaater cap and entaUatore to window, 
elevation of one-pair window, elenttion of 
eomioe,^. 
9. DetaiU of rear front; elevation of one-pair 
window, section of window head, elevation 
of block and cornice, section of principal 
condee, seetion of window eomioe, Ae. 
10. Details of drawing ; plan of ceiling, head, 
section of cove of ceiling, enriched panel 
of ceiling, section of oomice, ohimney-pieoe. 
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104 

FBBOUSSON, JAMES, F.B.A.S. aadF.B.O.B.,fte. 
ESSAY on the ANCIENT TOPOGRAPHY of JERUSALEM ; 

with restored plans of the Temple, &c., and plans, sections, and detsQs of the 
church bnilt by Gonstantme the Great over the Holy Sepulchre, now known as 
the Mosque of Omar, and other illustrations. By James Febodsson, F.R.A.S. 
and F.R.G.S., Author of the '' Illustrations of the Bock-Cut Temples of India«" 
and ** Picturesque Illustrations of Ancient Architecture in Hindostan," In 1 vol., 
imperial 8vo., witii fine plates, extra cloth boards, price 16b.; or in elegant half- 
morocco, price 21«. 

105 
ESSAY on a proposed NEW SYSTEM of FORTIFICATION; 

with Hints for its application to our National Defences. By^ the same Author. 
In one vol. imperial 8vo., uniform in size with the preceding, and his work, 
" Of the Principles of Beauty in Art," &c., price 12*. 6rf. 

106 

FROME'S (MAJOR) OUTLINE OF THE METHOD OF 

CONDUCTING A TRIGONOMETKICAL SURVEY, for the Formation of 
Topographical Flans; and Instructions for filling in the Interior Detail, both by 
Measurement and Sketching; Military Beconnaissanoe, Levelling, &c., &c., 
together with Colonial Surveying ; with Explanation and Solution of some of 
the most useful Problems in Geodesy and Practical Astronomy ; to which are 
added a few FormulaB and Tables of general utility for facilitating their calcula- 
tion. Second edition, with additions, in 8vo., with engravings and wood-cuts, 
cloth boards extra, price 12<. 

107 
GIBBONS (DAVID, Esq.) 

A MANUAL OF THE LAW OF FIXTURES: a work written 

for the use of Builders, House Agents, and House and Land Proprietors. By 
David Gibbons, Esq., Special Pleader. In 12mo., price Zt, 6</. 

106 
A TREATISE ON THE LAW OF DILAPIDATIONS AND 

NUISANCBS; compiled for the referonce and study of the Architect, Sur- 
veyor, Solicitor, &c. By the same Author. In medium 8vo., a new and much 
extended edition, price 16s. 

109 
HAKEWILL'S (J.) ATTEMPT TO DEOTRMINE THE 

EXACT CHABACTEE OF EUZABETHAN AKCHITECTUBE ; illua- 
trated hy parallels of Dobton House, Hatfiisld, Lonoleat, and Wollaton, in 
England, and the Palazzo Dslla Cavcbllabia at Bome. 

LIST OF FLATIS^ 

1. PftlASzo Delia CaneellarU, hy Brtmante, 
1496.— Longleat Hquw, bj John of Padua, 
1667. 

2. Part of Hatfield Honae, 1611: — WollatoD 
Hall, by John Thorpe, 1680. 

3. Ground Flan, ^. of Dorton House, Bucks. 

In one thin Svo. vol,, oloth boards, witii 8 plates, price 4f . M 
110 

HAMILTON'S DESIGNS FOR RURAL CHURCHES. In 

4to., plates, price 16*. A Book for the Colonies. 



4. Screen in the HaU ait IXorton Home. 
6. Loni^tudinal section of staircase of ditto. 

6. Transverse section of staircase of ditto. 

7. Chimney-pieee in (^uma Elisabeth's immi, 
Dorton House. 

a Ceiling in Queen Eliiabeth's room, ditto. 
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111 
ORNAMENTS. 
ORNAMENTS DISPLAYED on a fuU sue for Working, proper 

f<H- all Carvers, Ptunten, Ac, containing a variety of accurate examples of foliage 
and frieses. On 83 folio plates, engraved in imitation of chalk drawiDgs, price 16*. 

112 
OLD ENGLISH AND FEUSNCH ORNAMENT for interior 

embellishmeDi, and for Carvers and Deooratore ; with designs for doors, windows, 
fire-places, chimney-glasses, ornamented fnmitare, &c. By Chippiendalb, 
Johnson, Inioo Joivn, Look, and others. In 4to., 200 designs in 100 engravings, 
very neatly half-boond in morocco, price £1 5«. 

118 
GRECIAN ORNAMENTS: a series of examples, in 21 plates, 

in royal folio, very finely engraved from drawings made by celebrated architects, 
priee 16f . 

OONTBIfTS OF THE WOBK« 

Detaib of ih« loof, tiling, Ac of ditto. 

The ctaftin and Bepnlchna bM^reUoAi fimnd 

in the cella of the Temple of Themis, at 

Bhamnus. 
Athenian sepnlbhral marUea, eapitalt, and 

triglyphs, at Delot. 
Entablatuie of the order of the peristyle and 

roof, ornaments, Ac. of the Temple of Apollo 

Epiounu, at Bassaa. 
Details of senlptnred and painted shafts of 

columns of the snhterraneons chamber at 



Details of ceiling of the Propjhea atBleosb. 

Order of antas of inner Testlbiues at Elenris. 

Capital of the anta> at larce at Eleusis. 

VngBamU Ibond at Eleons. 

Tiles and other details of the Temple of Diana 
Propjrlaa, at Elensis. 

Capitals and proflle of the Temple of Nemesis, 
atRhamnns. 

Ornamental moulding. Jambs, mouldings of in- 
terior cornice, the pidnted mouldiu;s of the 



panels of ^e lacunaria, Ac of the "ranple of 
Kemesis, ' ~' 



^ at Bhamnus. 



Mycenae. 



114 

In 4to., 87 plates, half-cloth boards, price 9«. 

THE UPHOLSTERERS' GUmE; Rules for Cutting and 

Forming Draperies, Valances, &c. By Thomas Eiko, designer. 

116 
HAVHiAND'S PORTABLE MEASURER; containing new sets 

of Tables for solid and superficial measurement ; with scales of prices, and other 
usefiil calculations. In long and narrow size, for the workman's pocket, bound, 
price 2s. M. 

116 
HAVHiAND'S TABLES OP SPECIFIC GRAVITIES OF 

ALL SUBSTANCES; their superficial and solid contents; land measuring; 
together with a computation of tne difierence between the old and new weights 
and measures ; also a definition of mechanical power in the practical use of 
machinery ; the prices of the work of millwrights and other artificers ; with 
Tables of interest, discount, &c In 1 vol. 8vo., price 5«. in boards. 

117 
STONE BUILDINGS,— CEMENTS. 
OBSERVATIONS ON KENTISH RAG STONE AS A 

BUILDING MATERIAL. By John Whiohoobd, junior, Architect. In 8vo. , 
with a large sectional plate, price U. M, 

118 
REPORT and INVESTIGATION into the Qualifications and 

Fitness of STONE for BUILDING PURPOSES, more particularly for the New 
Houses of Parliament, and expressly inquired into by Commissioners appointed 
by Her Majesty, viz. Sir T. Henry De la Beche, Charles Barry, Esq., and C. H. 
Smith, Esq. In 4to., with very fine plates, a new edition, corrected and extended, 
5s. sewed. 
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119 
SMTTH'S (Major, of the Madras Engineers,) CEMENTS: a 

practical and sciontiBc treatise on the choice and preparation of the materials lor, 
and the anplication of, Calcareous Mortars and Cements. By M. L. J. Yioat. 
Translated from the French. By Major J. T. Smith, Madras Engineers, F.R.S., 
&c. In 8vo., with plates, cloth boards, price lOt. M. 

120 
OBSERVATIONS on the Duties and Responsibilities involved in 

the MANAGEMENT of MINTS. By Major J. T, Smith, H.E.I.C, Engineers, 
F.R.S., F.R.S.N.A., Master of the Madras Mint, A.M. Cor. Eng. Inst. In 
I vol. 8vo., price 7«. 6rf. in boards. 

121 
STORMS. 

Third edition, in royal 8vo., boards, with 13 charts, &c., price 12«. 

Aif ATTEMPT TO DEVELOP THE LAW OP STORMS 

by means of facts arranged according to place and time ; and hence to point out 
a cause for the vabiablb winds, with a view to fbaotioal use in nayioation. 
By 0»lonel Sir W. Rsm, E.C.B., and B.E., Governor of Malta. 

122 
THE PROGRESS of THE DEVELOPMENT of THE LAW 

OF STORMS and of the VARIABLE WINDS, with the practical applica- 
tion of the subject to Navigation. By Colonel Sir W. Reid, K.C.B., F.R.S., 
&c., &c., &c. In royal 8vo., uniform with the preceding, price 9«., with charts 
and wood-cuts. 

1^ 

In royal 8vo., uniform with the preceding, price 1». 6rf. 

NARRATIVES written by Sea Commanders, illustrative of the 
. . . ^ - ^ .. -_ . ^^^^ jj^^ - 

i the Prets, 



LAW of STORMS, and of its practical application to Navigation. No. 1, 
The " Blenheim " Hurricane of 1851 , with diagrams. No, 2 in tht 



124 
INWOOD'S (W.) TABLES FOR THE PURCHASING OP 

ESTATES, freehold, copyhold, or leasehold, annuities, &c., and for the 
renewing of leases held imder cathedral churches, colleges, or other corporate 
bodies, ror terms of years certain, and for lives ; lUso, for valuing reversionary 
estates, deferred annuities, next presentations, &c. Together with several 
useful and interesting Tables connected with the subject. Also, the five 
Tables of compound interest. In 12mo., a new edition, with the Govern- 
ment Table of Annuities, and other recently added valuable Tables, price 
7«. boards. 

125 
KEMPS PRACTICAL OBSERVATIONS made on the Botanic 

Gardens, Ck)nservatorie8, Gardens, and Parks, in London and its Vicinity. 
hi demy 12mo., with iUnstrations, price 5«. 

126 
ROOFS. 

APPENDIX to a previous edition of TREDGOLD'S CARPEN- 
TRY, containing the following examples of Roofs : price £1 U, Od. 

[SEE OVER. 
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?LATa8. 



6,6. 
1, 

10,11,12; 

13. 

14. 

15. 

16,17. 

18,19,20. 



Puitheoa. 



Ooltag* Clutpel, Cambridge. 



HaU of PriMMi, Ptf khvnt. 
Aoadeaur of Arta, Florenoe. 
Dueal Bmafi Home, Modeuu 
Exehange, GeMW. 
Booft al Aneona and IWeaee. 
Cathedral at Leghom. 
Chriat'i Hoipital. 
St. Dunatan'i Chnroh, Heet Street 



PLATSa. 

21, 22. White Conduit Hbnae. 

23. Rooft at Thames Plate Olaae Worka ; 

PriiioeM*a Theatre, Oxford Street; 
and a home in Berkelej Square. 

24. Iron and Timber at Nottingham 

Water Worka. 

25. Gait iron model.«oom at Botterl^. 

26. — — ^— ^— — orer Smithjat 



2». . 



ditto. 
Crojdon Station. 



- London Bridge, 



127 



VERANDAHS* Select examples and designs of modem Veran- 
dahs, conristinff of eleyations, sections, and details, principally selected from 
the best examples taken from Brighton. 26 plates, ^oth boards, price 12$, 
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